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MATERIALS 
Amino Acids, Amino Alcohols, Peptides and Proteins 
L-Amino acids (including praline, leucine, 
isoleucine, valine, phenylalanine, methionine, alanine, 
glycine, hydroxylproline, glutamine, asparagine, threonine, 
serine, glutamic acid, aspartic acid, cystein~, tyrosine, 
tryptophane, lysine, histidine, arginine, cysteic acid and 
carboxymethylcysteine), serylalanine, serylserylserine, 
reduced glutathione, lysozyrne (egg white), glucagon, 
insulin (bovine), bridykinin, cytochrome C (horse), serum 
albumin (bovine), DL-alaninol hydrochloride, L-tyrosinol 
hydrochloride and L-histidinol dihydrochloride were 
purchased from Sigma, St. Louis, Mo., U.S.A. Ribonuclease 
and trypsin-TPCK were obtained from Worthington Biochemicals. 
Hexapeptide (Leu-Trp-Met-Arg-Phe-Ala) and oxidized insulin 
A chain were the products of Schwarz/Mann Co., Orangeburg, 
N.Y., U.S.A. Crystalline histidinol dehydrogenase was 
prepared by Dr. G.J. Hughes according to the method described 
by Yourno (J.B.C., 243, 3273). Very low density lipoprotein 
C-II (VLDL C-II) from both pig and human were the gifts 
kindly supplied by Dr. N.E. Fidge. The reduced protein and 
the reduced carboxyrnethylated protein were prepared as 
described by Crestfield et a l. (J.B.C., 238, 622) and 
purified from the salts by eluting through a sephadex G-25 
column with 0.2M acetic acid. The protein fraction collected 
was lyophilised and kept at -20°C. 
Solvents, Chemicals and Othe rs 
Pyridine (sequential grade), anhydrous tri-
fluoroacetic acid (sequential grade), Cheng-Chin polyamide 
sheets, Corning porosity glass beads (CPG-100 and CPG-250) 
and triethoxypropylsilane were obtained from Pierce Co., 
Rockford, IL., U.S.A. Silica gel plates (G-60, without 
fluorescent, 0.25mm) were purchased from Merck and 
p-phenylene diisothiocyanate (DITC) was purchased from 
Eastman. All other chemicals and solvents used in this 
study were commercial analytical grade and the solvents 
were redistilled before use . Acetic acid saturated with 
HCl was prepared by bubbling the HCl gas (generated by 
mixing hydrochloric acid with concentrate sulfuric acid) 
through the redistilled acetic acid for 2 hours. 
Solvent and Buffer Systems 
The 
prepared for 
studies and 
Solvent 1: 
Solvent 2 : 
Solvent 3 : 
Solvent 4 : 
Solvent 5 : 
Solvent 6: 
Solvent 7: 
following solvent and buffer systems were 
the purposes of t.l.c. separation, kinetic 
--
sequence analysis: 
water/acetic acid (2:1, v/v) 
toluene/n-hexane/acetic acid (2:1:1, v/v/v) 
water/ethanol/formic acid (40:10:17.5, v/v/v) 
benzene/acetic acid (5:2, v/v) 
toluene/2-chloroethanol/ammonia (28 %) 
(10:10:1, v/v/v) 
toluene/pyridine/acetic acid (10:3:1, v/v/v) 
water/pyridine (1:1, v/v) 
Solvent 8: chloroform/methanol (9:1, v/v) 
Solvent 9: chloroform/methanol (100:2, v/v) 
Solvent 10: chloroform/ethanol (100:3, v/v) 
Solvent 11: water/2-chloroethanol/formic acid 
Solvent 12 
Buffer 1: 
Buffer 2: 
Buffer 3: 
(100:60:3.5, v/v/v) 
benzene/acetic acid (6:1, v/v) 
water/acetone/0.2M acetic acid/triethylamine 
(125:125:12.5:1, v/v/v/v) 
0.05M NaHCO 3/0.lM NaOH/acetone (100:5:100, 
v/v/v) 
0.05M NaHCO3/0.lNaOH/acetone (20:50:70, v/v/v) 
SYNOPSIS 
The use of 4-NN-dimethylaminoazobenzene 4'-isothio-
cyanate (DABITC, an Edman type reagent) for the sequence 
determination of peptides and proteins has been studied. 
DABITC forms thiocarbamyl derivatives (DABTC) with amino 
groups of amines, amino alcohols, amiono acids and the 
N-terminal amino acid of peptides in alkaline solution. 
The DABTC derivatives of amino acids and peptides could be 
further cyclized to form the corresponding thiohydantoin 
derivatives (DABTH) of amino acid in acid medium. The 
colour change of the derivatives on t.l.c. from purple to 
blue to red after being exposed to HCl vapour, corresponding 
to the chemical change from DABITC to DABTC to DABTH 
reveals a very interesting and valuable feature of this new 
reagent . The limit of detection of DABTH-amino acids on a 
2.5cm x 2 . 5cm polyamide sheet is approximately 5 to 10 pmole. 
This enables the use of DABITC in the sequence determination 
of peptides at the 1 nmole level. 
The kinetics of the reaction of DABITC with amino acids, 
peptides and proteins -has been investigated and the optimum 
conditions of using DABITC as a N-terminal determination 
and stepwise degradation reagent were elucidated. The side 
reactions of DABITC degradation have also been studied and 
a mechanism of the destruction of serine and threonine 
thiohydantoins is postulated. 
The use of DABITC in manual solid phase protein 
sequencing is reported. Two new coupling methods which 
allow the attachment of protein through cysteine to the 
iodoacetamide activated glass beads and tyrosine and 
histidine to the diazotized glass beads have been developed. 
Both coupling methods are performed in the aqueous solution 
with the presence of detergent and should therefore be 
suitable for most intractable proteins. 
This thesis also includes the preliminary evaluation 
of other protein labelling reagents possessing the chromo-
phore 4-NN-dimethylaminoazobenzene (DAB). 
CHAPTER 1 
INTRODUCTION 
Improvement of the strategy used for the determination 
of amino acid sequences in peptides and proteins has de-
pended to a large degree on the development of specific end 
group identification and stepwise degradation reagents. 
These reagents, which are grouped according to the nature 
of their functional groups, are listed in Table 1-1. The 
detailed experimental procedures for use of the individual 
reagents have been presented in previous reviews and texts 
(57-66). Most of the reagents listed in Table 1-1 will 
attract attention nowadays for historical reasons only. 
Examination of the sequencing work which has been published 
for the past 20 years reveals that the vast majority of 
these sequence data has been obtained by the application of 
only three outstanding reagents, namely 2,4-dinitrofluoro-
benzene (DNFB, Sanger reagent), phenylisothiocyanate (PITC, 
Edman reagent) and 5-dimethylamino-1-naphthalene sulfonyl 
chloride (DNS-Cl, dan$yl chloride). 
1,1 DNFB METHOD OF SANGER (FIG, 1.1) 
Development of the DNFB method represented the first 
maJor advance in the study of protein sequences. It was 
first introduced as a N-terminal determination reagent by 
Sanger (2.3) in his pioneer investigation on the structure 
of the insulin molecule (67, 68) . After 10 years of 
extensive study , the combined use of DNFB and the so-called 
jigsaw puzzle technique (69) enabled the British scientist 
1 . 
TABLE 1 
REAGENTS FOR PROTEIN SEQUENCE DETERMINATION 
Reagent 
2,4-dinitrochlorobenzene 
2,4-dinitrofluorobenzene 
2, 4-dini tro-5-f 1 uoroanil•ine 
2,4-dinitro-5-fluoroanilide 
nitro-2-rnethanesulfonyl-4-fluorobenzene 
3,5-dinitro-2-chloropyridine 
2-fluoro-3-nitropyridine 
2-fluoro-3-nitropyridine 
3-fluoro-4-nitropyridine N-oxide 
7-chloro-4-nitrobenzo-2-oxa-1,3-diazole 
p-azobenzene sulfonyl chloride 
iodobenzene-p-sulfonyl chloride 
5-dirnethylarnino-1-napthalene 
sulfonyl chloride 
Functional Group 
(Reaction) 
aryl halide 
aryl halide 
aryl halide 
aryl halide 
aryl halide 
aryl halide 
aryl halide 
aryl halide 
aryl halide 
aryl halide 
sulfonyl chloride 
sulfonyl chloride 
sulfonyl chloride 
Use in sequence 
determination 
N-terrninal analysis 
N-terrninal analysis 
N-terrninal analysis 
N-terrninal analysis 
N-terrninal analysis 
N-terrninal analysis 
N-terrninal analysis 
N-terrninal analysis 
N-terrninal analysis 
N-terrninal analysis 
N-terrninal analysis 
N-terrninal analysis 
N-terrninal analysis 
References 
1 
2,3 
4, 5 
4 
6 
7 
8 
8 
9 
10 
11 
12,13 
14,15 
Reagent 
N-methyl-2-anilino-6-naphthalene 
sulfonyl chloride 
5-di-n-butylamino-1-naphthalene 
sulfonyl chloride 
't 
2-p-chlorosulfophenyl-3-phenylindone 
4-NN-dimethylaminoazobenzene 
4'-sulfonyl chloride 
pivalyl chloride 
benzoyl chloride 
methyl chloroformate 
methyl ethyl xanthate 
methyl N-acetyldithiocarbamate 
cyanomethyl dithiobenzoate 
thioacetylthioglycolic acid 
TABLE 1 (cont'd) 
Functional group 
(Reaction) 
sulfonyl chloride 
sulfonyl chloride 
sulfonyl chloride 
sulfonyl chloride 
acylation 
acylation 
acylation 
acylation 
acylation 
acylation 
acylation 
Use in sequence References 
determination 
N-terminal analysis 16 
N-terminal analysis 
N-terminal analysis 
N-terminal analysis 
N-terminal analysis 
N-terminal analysis 
N-terminal analysis 
N-terminal analysis 
N-terminal analysis 
stepwise degradation 
(from N-terminal) 
stepwise degradation 
(from N-terminal) 
17 
18 
19 
20 
20 
21 
22 
23 
24,25 
26,27 
Reagent 
thioacetylthioethane 
potassium cyanate 
phenyl isocyanate 
't 
4-dimethylamino-3,5-dinitro 
phenyl isocyanate 
methyl isothiocyanate 
phenyl isothiocyanate 
1-nap hthyl isothiocyanate 
2-nitrophenyl isothiocyanate 
4- ph e nylazopheny l isothiocyanate 
TABLE 1 (cont'd) 
Functional group 
(Reaction) 
acylation 
cyanate 
isocyanate 
isocyanate 
isothiocyanate 
isothiocyanate 
iosthiocyanate 
iosthiocyanate 
iosthiocyanate 
Use in sequence References 
determination 
stepwise degradation 26,27 
(from N-terminal) 
N-terminal analysis 28,29,30 
N-terminal analysis 
N-terminal analysis 
stepwise degradation 
(from N-terminal) 
stepwise degradation 
(from N-terminal) 
stepwise degradation 
(from N-terminal 
stepwise degradation 
( from N - termina 1) 
stepwise degradation 
(from N-terminal) 
31 
32 
33,34 
35,36 
37 
37 
37,3 8 
Reagent 
4-dimethylamino-3,5-dinitrophenyl 
isothiocyanate 
fluorescein isothiocyanate 
., 
4-sulfophenyl isothiocyanate 
pentafluorophenyl isothiocyanate 
4-dimethylamino-1-naphthyl 
isothiocyanate 
carbon disulfide 
trinitrobenzene sulfonic acid 
formaldehyde 
TABLE 1 (cont'd) 
Functional group 
(Reaction) 
isothiocyanate 
isothiocyanate 
isothiocyanate 
isothiocyanate 
isothiocyanate 
carbon disulfide 
aryl sulfonic acid 
alkylation 
Use in sequence References 
determination 
stepwise degradation 39,40 
(from N-terminal) 
stepwise degradation 41,42 
(from N-terminal) 
stepwise degradation 43,44 
(from N-terminal 
stepwise degradation 
(from N-terminal) 
stepwise degradation 
(from N-terminal) 
N-terminal analysis 
N-terminal analysis 
N-terminal analysis 
45 
46 
47 
48 
49 
Reagent 
magnesium bromacetate 
hydrazine 
carbodi-imide 
ammonium thiocyanate 
't 
TABLE 1 (cont'd) 
Functional group 
(Reaction) 
alkylation 
hydrazinolysis 
----
thiocyanate 
Use in sequence 
determination 
N-terminal analysis 
C-terminal analysis 
C-terminal analysis 
stepwise degradation 
(from C-terminal) 
References 
50,51 
52 
53,54 
55,56 
~ ~1 
H N-CH-C-NH-CH-C-
2 II II 
0 0 
Peptide 
pH 8-10 
N°'2 R R 0 I 11 N02 NH-CH-C-NH-CH-C-11 II 
0 0 
DNP-Peptide or 
CH:JNS'x R R c~ - 1 I I ~ i s02:.NH-CH-C-NH-CH-C-
11 11 
0 0 
DNS-Peptide 
--
N02 R NO-io NH-CH-COOH 
DNP-Amino Acid 
+ Amino Acids 
DNS-Amino Acid 
fIG, 1-1 N- Terminal amino acid determination 
Using DNFB or DNS - Cl 
2. 
and his co-workers to assemble the complete amino acid 
sequence of the insulin molecule (70). DNFB has been 
gradually replaced by a more sensitive N-terminal reagent, 
dansyl chloride since 1963 and the method used by Sanger 
might sound a formidable task today for the protein chemist, 
but the principle of determining the primary structure of 
a protein has remained unchanged. 
1-1.1 N-Terminal Determination of Peptides and 
Proteins Using DNFB 
The peptides and proteins are treated with 
excess of DNFB at pH 8-9 in darkness (68, 71, 72). 
The excess reagent is extracted by ether after the 
coupling reaction and the dinitrophenylated protein 
(DNP-protein) is precipitated by acidification. 
Hydrolysis of the DNP-protein with 5.7N HCl at 105°C 
for 16 h releases most of the N-terminals as their 
corresponding DNP-derivatives in good yields (73). 
1~1.2 Identification of DNP-Amino Acids 
The sensitlvity and simplicity of identifying 
the amino acid derivatives during the N-terminal 
determination by a specific reagent is one of the 
major criteria for evaluating the usefulness of the 
reagent. The use of column chromatography (73, 74), 
gas chromatography (75, 76), electrophoresis and thin 
layer chromatography (77) for the separation of DNP-
amino acids have been extensively studied (65). For 
qualitative N-terminal analysis, the separation of 
DNP-amino acids on polyamide by t.l.c. (78) has 
proven to be a satisfactory method. The DNP-amino 
acids recognized as light yellow spots or for higher 
sensitivity they can be observed under a u.v. light. 
The sensitivity of detection is in the nmole region 
(1.2 - 0.5 µg) which is about 100 times less sensitive 
than that of DNS-amino acids. For this reason, the 
DNFB method is used today only to complement the 
DNS-Cl method or only when a large amount of protein 
is available. 
1.1.3 Side Reactions of the DNFB Method 
Th8 DNFB method as well as the DNS-Cl method 
(see Sec. 1.3) suffer from the intrinsic disadvantage 
of being unable to give the N-terminal of asparagine, 
glutamine and tryptophan. The total acid hydrolysis 
converts the side chains of asparagine and glutamine 
to their acid form and destroys the tryptophan. The 
recovery of DNP-proline is also extremely low. The 
decomposed products of DNP-proline were identified as 
o-chloro- a -DNP-amino valeric acid and a -chloro- o-DNP-
amino valeric acid (79). 
3 • 
The photo decomposition of DNP-amino acids by 
illumination of light suggests that the extraction and 
chromatography is better carried out in the absence of 
direct light (80). The mechanism of this photo decom-
position has been extensively studied. Pollara & von 
Korff (81) found that in the solid state, some DNP-amino 
acids tend to decarboxylate under the influence of 
4 . 
light and are converte d to their corresponding DNP 
alkylamine. Russel (82, 83) observed that in dilute 
sodium bicarbonate solution, DNP-leucine was photo 
decomposed and gave 4-nitro-2-nitrosoaniline, 3-
methylbutyraldehyde and carbon dioxide. DNP-tryptophan 
was found to be stable to photolysis and DNP-peptides 
are more stable than DNP-amino acids. 
1.2 PITC METHOD OF EDMAN (FIG, 1-2) 
The development of PITC degradation scheme by Edman 
(35, 36) was an improvement of the phenylisocyanate method 
first introduced by Bergman (31) in 1927. Unlike DNFB and 
DNS-Cl which are used only for N-terminal determination, 
PITC is one of the most useful reagents available for 
determination of both N-terminal residues and residue 
sequences, since its introduction, the PITC method in one 
form or another has been of central importance in almost 
every study involving sequence determination. The achieve-
ment of automated degradation by Edman and Begg (84) further 
revolutionized the field of protein sequence determination 
and today the automated sequenator is an indispensable 
instrument for the laboratory which is involved in a large 
protein sequencing programme. 
1.2.1 Stepwise Degradation of Peptides and Proteins 
Using PITC (Fig. 1-2) 
Peptide or protein is treated with an excess of 
PITC at pH 8-10 to form phenylthiocarbamyl derivatives 
(PTC-peptides). The s amino group of lysine side chains 
ON,(:=S R R1 I I + ~N-CH-C-NH-CH-C-
11 II 
0 0 
PITC Peptide 
. pH 8-10 
1' 
0 R R1 NH-C-NH-CH-c-NHCH-C-11 II II 
... ~ TFA 
1 f 
S O 0 
PTC- Peptide 
I f 
0t-Nfl\\ I l~-
R,,CH c~5 '-N/ 
H 
PTZ-Amino Acid PTH-Amino Acid 
FIG, 1-2 Edman degradation of peptides and proteins 
also react with PITC. On treatment of the PTC-peptide 
(or PTC-protein) (a) with anhydrous acid, such as 
anhydrous trifluoroacetic acid, cyclization occurs and 
the first amino acid is released as a thiazolinone 
derivative (PTZ-amino acid). This can be separated 
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from the shortened peptide and isomerized to the 
corresponding thiohydantoin derivative (PTH-amino acid) 
in aqueous acid solution or (b) with aqueous acid, such 
+ as H /H 2 0, cyclization occurs and the first amino acid 
is released as a PTH derivative (see Fig. 1-2). 
There are several reasons why cyclization of 
PTC-peptide in anhydrous TFA has been one of the most 
useful techniques in the extended PITC degradation: 
(a) the cyclization to form PTZ derivatives in anhydrous 
TFA has been found to be much faster than the cycliz-
ation to form PTH derivatives in aqueous acid solution 
(85, 86); (b) the anhydrous condition prevents the 
amide groups of peptides from being attacked by acid 
hydrolysis; and (c) the use of TFA causes less side 
reactions than other anhydrous acids, such as glacial 
acetic acid saturated with dry hydrogen chloride (87, 
8 8) • 
A number of useful modifications based on the 
PITC stepwise degradation scheme have been employed 
for the sequence determination of peptides and proteins 
(62, 63). Those modifications are described in general 
as dir ect or subtractive methods. For the direct 
method, the sequence data are acquired by the direct 
identification of the released N-terminal amino acids 
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as PTH derivatives or parent amino acids after back 
hydrolysis (89, 90). For the subtractive method, the 
sequence data are obtained by analysis of the amino 
acid composition (by amino acid analyser) or by 
determination of the new N-terminal amino acid (by the 
dansyl method) of the shortened peptide. 
Some of these modifications, such as the paper 
strip method (91) and the subtractive method based on 
analyzing the amino acid composition of the shortened 
peptide (92) have been gradually abandoned due to their 
tediousness and low sensitivity. For manual sequencing 
these modifications described by Gray & Hartley (14), 
Weiner et al. (93) and Peterson et al . (94) have been 
widely used. For automatic sequencing, the liquid 
phase machine described by Edman & Begg (84) and the 
solid phase approach of Laursen (95) have proven to be 
very efficient and versatile instrumentations. 
1.2.2 Identification of PTH-Arnino Acids 
The unsatisfactory identification of PTH-amino 
acids was one of the reasons which stimulated the 
development of the subtractive Edman method. The . im-
provement of identification of PTH-amino acids has 
therefore been one of the major activities in protein 
sequencing using the PITC method. 
The most commonly employed detection techniques 
are described in the comprehensive reviews by Niall 
(96) a nd Bridgen et al . (97). The gas liquid chroma-
tography (98) and back hydrolysis method (90) have the 
advantage of providing quantitative results. The thin 
layer chromatography procedure however, has the 
advantage of requiring no special instrumentation. 
The t.l.c. separation of PTH-amino acids on Silica 
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gel (84) and polyamide (99, 100) sheets has been found 
to be simple and sensitive. Detection of PTH-amino 
acid can be carried out in a number of ways. The 
simplest is to use thin layer plates that contain an 
internal fluorescent marker. The PTH derivatives may 
then be visualized as absorbing spots under shortwave 
light . The sensitivity of this method . is ca. 
10 nmole/cm 2 • Chemical staining methods using ninhydrin, 
ninhydrin-collidine (101) and iodine-azide (102) could 
be equally well applied. A recent report of t.l.c. 
separation of PTH-amino acid on polyamide sheets 
(5 cm x 5 cm) using fluorescent indicator claims the 
detection of as little as 0.05 nmole of PTH-amino acid 
(100) . 
It appears that no single method of PTH identifi-
cation is completely adequate for the purpose of 
sequence determination of proteins with unknown structure. 
Most laboratories -use at least two complementary 
techniques from among thin layer chromatography, gas 
liquid chromatography and back hydrolysis methods. 
1.2.3 Side Reaction of the PITC Method 
Although the number of degradation steps of the 
PITC method is theoretically unlimited, in practice, it 
is not. The yields of the released N-terminals (as 
PTH-derivatives) tend to decline as the number of 
degradation steps increases. This decline depends 
largely on the nature of the reaction condition 
employed and arises from several causes: (a) 
incomplete coupling of N-terminal amino acids with 
PITC (101); (b) incomplete acid cleavage of PTC-
peptides; (c) oxidation of PTC-derivatives (104); 
(d) blockage of N-terminal amino acid (105); (e) 
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_ extraction losses of FTC-peptides and peptides; (f) 
destructions of PTH-amino acids (104). Most difficul-
ties mentioned above have been overcome to a large 
extent by choosing more suitable reagents~ solvents 
and reaction conditions (84, 106). The extremely low 
yields of PTH-serine and PTH-threonine, however, have 
not yet been improved. The detailed mechanism of the 
destruction of PTH-Ser and PTH-Thr remains to be 
clarified, although it is understood that destruction 
results from the dehydration of serine and threonine 
side chains and that the dehydrated PTH-Ser could 
possibly polymerize through the reactive methylene 
group (104). 
1.3 DNS-CI METHOD OF GRAY AND HARTLEY (FIG. 1.1) 
The DNS-Cl technique was first developed by Gray 
his Ph.D. studies in Hartley's laboratory (14, 15). 
. in 
The 
principle of using DNS-Cl as a N-terminal determination 
reagent is the same as that of DNFB. The reason that DNS-
Cl has taken over the place of DNFB in the field of N-
terminal determination is due to the fact that the identi-
fication of DNS-amino acids is almost 100 times as sensitive 
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as DNP-amino acids. This e nables the application o f DNS-
Cl in the N-terminal determination of proteins to be as 
little as 0.1 - 0.01 nmole. The combined use of this 
sensitive N-terminal reagent and the PITC degradation (the 
dansyl-Edman method) has been one of the most useful manual 
methods in peptide sequencing since its introduction by Gray 
and Hartley (14). 
1.3.1 N-Terminal Determination of Peptides and 
Proteins Using DNS-Cl 
Reaction of DNS-Cl with peptides and proteins 
carried out in alkaline solution at pH 9-10. The N-
terminal amino group as well as the side chains of 
lysine (s amino group), histidine (imidazole) and 
tyrosine (phenol) react with DNS-Cl to form the 
. 
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corresponding sulfonamides and a phenolic ester. Other 
reactive groups, such as aliphatic hydroxyl groups and 
guanidino groups react with dansyl chloride only to a 
negligible degree. Subsequent acid hydrolysis of the 
labelled protein releases the N-terminal amino acid as 
the only derivative substituted at the a-amino group. 
The optimum time of hydrolysis in 5.7 N HCl at 110°C 
is 4 h (107). 
In addition to N-terminal determination, DNS-Cl 
is also used for the investigation of C-terminal amino 
acids (combined use with hydrazinolysis) (108), peptide 
mapping (109, 110), amines detection (111), estimation 
of enzyme activity (112), and as a fluorescent protein 
label. 
1.3.2 Identification of DNS-Amino Acids 
The separation and identification of DNS-amino 
acids has been thoroughly reviewed by Seiler (66), 
Rosmus & Deyl (65), Gray (113) & Niederwieser (114). 
High voltage electrophoresis originally suggested by 
Gray & Hartley (14) and t.l.c. on silica gel and 
aluminium oxide layers (115, 166) have been largely 
abandoned after the introduction of t.l.c. on poly-
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amide layers (117). The limits of detection by eye 
depend upon the compactness of the spot and the solvent. 
Some solvents, such as water, acid and pyridine greatly 
quench the fluorescence of dansyl amino acids. With 
the electrophoresis system, this limit is between 0.1 -
0.01 nmole of dansyl amino acids and the polyamide system 
is even more sensitive. 
1.3.3 Side Reactions of DNS-Cl Method 
Apart from the hydrolysis of DNS-Cl to DNS-OH 
in both alkaline and acid solutions, most of the un-
desirable side reactions of DNS-Cl reactions come from 
the destruction of_ DNS-amino acids during acid hydrolysis 
(see Table 1-2) of the labelled proteins. The DNS-
derivatives of asparagine, glutamine and tryptophan 
cannot survive acid hydrolysis. The recovery of DNS-
proline is also very low. The rather irreproducible 
recoveries of the individual DNS-amino acids after acid 
hydrolysis has prevented the DNS-Cl method from being 
a practical tool for the quantitative analysis (113, 107). 
Other factors preventing quantitative analysis 
by the DNS-Cl method are photochemical degradation 
TABLE 1-2 
RECOVER I ES OF D~JS-AAs AFTER Ac ID HYDROL vs Is 
(5.7 N_, 110°C)* 
DNS-AAs 
Amide 
Glycine 
Aspartic acid 
Glutamic acid 
Serine 
Threonine 
Alanine 
Valine 
Isoleucine 
Leucine 
Phenylalanine 
Proline 
Methionine 
Arginine 
s -Lysine 
O-Tyrosine 
Tryptophane** 
Asparagine** 
Glutamine** 
Mono-Cystine 
Di-Cystine 
Di-Lysine 
Di-Tyrosine 
* reference 107 
Recoveries after acid hydrolysis 
4 hour 
0.75 
0.90 
0.85 
0.70 
0.85 
0.85 
0.85 
0.90 
0.90 
0.90 
0.30 
0.85 
0.90 
1.00 
1.00 
0.65 
0.70 
0.90 
0.90 
18 hour 
0.65 
0.70 
0.70 
0.30 
0.85 
0.60 
** not obtained after acid hydrolysis 
(118) and fluorescence decay (66, 110, 113) of the 
DNS-dcrivatives . 
1,4 SOLID PHASE SEQUENCE DETERMINATION OF LAURSEN 
In the liquid phase peptide sequencing, two remedies 
(96) have been recommended to minimize the extraction loss 
of peptide and peptide derivative : (a) modification of the 
peptide by coupling a hydrophilic group to the peptide side 
chain ; (b) reduction in solvent extraction losses by re-
ducing the total volume or by extracting with less polar 
solvents . However , the most effective approach to this 
problem is the covalent attachment of the peptide to a 
solid support. The peptide is then sequenated on the 
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surface of the solid support by the conventional PITC de-
gradation. This solid phase peptide sequencing, first 
introduced by Laursen (95 , 119), soon attracted the attention 
of protein chemists and has proven itself to be a technique 
of great potential. Recent work reported by Bridgen (120), 
combined the use of the automatic solid phase method (95) 
and s 3 5 PITC degradati~n, has succeeded in determining the 
first 10- 20 residue sequence of an intact protein on only 
0 . 7 - 2 . 5 nmole of proteins. 
The prerequisite of solid phase sequencing is the 
attachment of peptides or proteins to the solid support. 
There are two essential aspects of attachment which are 
constantly being improved. Firstly, the finding of a solid 
support with the properties of large surface area, mechan-
ical rigidity and chemical resistance. Several supports 
such as modified polystyrene resins (121, 122), amino alkyl 
controlled porous glass (123) and amino ethyl polyacryl-
amide (124) have been evaluated and found their distinct 
uses. Secondly, the development of new coupling methods 
which could allow all types of peptides and proteins to be 
attached to the solid support in high yields and with less 
side reactions. There are several basic requirements for 
a good coupling method: (a) the method should require no 
prior modification of peptide and protein; (b) the method 
should be applicable to all types of peptides and proteins; 
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(c) the method should allow the coupling reaction to proceed 
in aqueous solution in the presence of urea or SOS; (d) the 
method should give high efficiency of coupling; and (e) the 
method allows only the C-terminal of peptide and protein to 
be attached. To date, there is no single coupling method 
fulfilling the above requirements. Attachment through the 
carboxyl group of the C-terminal amino acid (95) should be 
an ideal method, but to accomplish this, one must selectively 
block the N-terminal amino group, the lysine side chain amino 
groups (95) and also the carboxyl side chain of aspartic 
acid and glutamic acid (125). This is not normally feasible 
especially when one has only minute amounts of peptide or 
protein to start with. In fact, the phenylene diisothio-
cyanate method (DITC) is the most popular and satisfactory 
one (126) nowadays to couple either peptides or protein to 
solid supports. However, this method can only apply to the 
peptides and proteins containing lysine. The attachment of 
the arginine residue to the solid support by the DITC method 
needs the pretreatment of the peptide (126). Another 
coupling method (122) which is only applicable to the 
peptides contain homoserine as the C-terminal (derived f rom 
CNBr cleavage) is also very valuable. Study of improved 
coupling techniques continues to be a major field of 
development. 
1,5 OBJECTS AND RATIONALE OF THE PRESENT STUDY 
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Determination of the amino acid sequence (primary 
structure) is one of the fundamental aspects in the study of 
the structure-function relationship of peptides and proteins. 
It could be envisaged that the structure of every peptide 
and protein with biological activity and functional interest 
will eventually be determined. This, of course, is a long 
term project bearing in mind that the estimated total number 
of different proteins appearing in all current forms of life 
is of the order of 10 10 - 10 1 2 (127). One of the factors 
which has slowed the pace of obtaining sequence data is the 
limited sensitivity and ability of the existing sequencing 
methods. To date, there is no method which is able to se-
quenate the intact protein chain (with residues over 200) 
from the N-terminal to the C-terminal in a single run. The 
most efficient automatic sequenator (84) can only go through 
the first 50-100 residues of an intact protein at best. 
This means that cleavage of an intact protein chain to pep-
tide fragments followed by the separation and sequence 
determination of the smaller peptides is still an inevitable 
step toward the establishment of the complete sequence. 
This, in one way, makes prote in s e quencing work an extre mely 
laborious work, and in another way, counteracts the sensi-
tivity of the current sequencing methods as a substantial 
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portion of the starting material is expected to be lost 
during the chromatographic separation of the peptide mixture. 
It is therefore apparent that futher development of 
the present protein sequencing techniques would need to 
emphasize two aspects: (a) the increase of sensitivity to 
cope with the proteins which can only be obtained in small 
amounts; and (b) the increase of efficiency to allow the 
sequence determination to proceed much further into large 
peptides and proteins than is now possible. 
The isothiocyanate degradation has been so valuable for 
the study of amino acid sequence that it is practically 
impossible to attempt improvement. However, much work has 
been put into the investigation of improved degradation 
schemes which would produce greater repetitive yields, and 
subsequently allows the sequenc~ determination to proceed 
further into the large peptides and into the investigation 
of modified Edman reagent which would produce amino acid 
thiohydantoins with higher sensitivity of detection than the 
PTH-amino acids. 
It is my intention in this study to suggest a new 
modified Edman reagent which can fulfill the requirements of 
high sensitivity as well as the other diagnostic properties. 
The coloured reagent, 4-NN-dimethylaminoazobenzene 4'-
isothiocyanate (DABITC), has been found to be a very satis-
factory one. The scope of this thesis is therefore mainly 
comprised of the study on the use of DABITC in the sequence 
determination of peptides and proteins. In addition, work 
has been done on the side reactions of the isothiocyanate 
degradation and to the evaluation of other types of protein 
labelling reagents possessing the chromophore 4-NN-
dimethylaminoazobenzene (DAB). 
15. 
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CHAPTER 2 
REACTIONS OF DABITC AND DANABITC WITH 
AMINO ACIDS) PEPTIDES) PROTEINS AND AMINO ALCOHOLS 
2.1 EXPERIMENTAL 
2.1.1 Preparation and Characterization of DABITC 
and DANABITC 
The summarized scheme for the preparation of 
DABITC is shown in Fig. 2-1. p-Acetamido-ani~ine (3 g) 
was dissolved in 25 ml of water. The solution was 
heated and stirred vigorously for 10 min, then cooled 
to room temperature. Cone. HCl (5 ml) was added and 
the beaker was immersed in an ice bath and cooled 
until the temperature of the stirred solution fell 
below 5°C. Then 1.47 g of NaN0 2 in 3 ml of water was 
added very slowly to the cold acetamido-aniline hydro-
chloride and kept stirring for 10 min (temperature was 
not allowed to rise above 10°C). To this diazonium 
chloride solution was added 3.2 ml of NN-dimethyl-
aniline, stirring was continued for 20 min and a 
solution of 4 g sodium acetate dissolved in the minimum 
amount of water was then added. The azo-dye intermedia t e 
I (Fig. 2-1) was precipitated, filtered and dried in 
vacuum over P20s overnight. Crude intermediate I (1 g) 
was dissolved in a solution consisting of 10 ml of 
methanol, 5 ml of water and 5 ml of cone. HCl. The 
solution was refluxed until it changed from deep purple 
to deep red (about 1 h). After cooling, 80 ml of lM 
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NaOH was added and the mixture was stirred fo r 20 min. 
The precipitated intermediate II (Fig. 2-1) was again 
collected on a Buchner funnel and dried overnight. 
The final step was accomplished by refluxing 1 g of 
intermediate II in 40 ml of benzene and 0.12 ml of 
thiophosgene (CSC1 2 ) for 1 - 1.5 h. Two methods were 
generally used to purify DABITC. For the purification 
on a mg scale of DABITC, the mixture was cooled, 
filtered, and the filtrate, which mainly contained 
DABITC and intermediate II, was kept, concentrated and 
applied to a column, 10 cm x 20 cm, packed with silica 
gel (100 - 200 mesh). Separation of DABITC from inter-
mediate II was achieved by using benzene as the elution 
solvent. DABITC was eluted first, whereas inter-
mediate II moved only slowly from the top of the column. 
The benzene was evaporated under reduced pressure and 
the DABITC was recrystallized from pure ethanol. For 
purification on a gram scale of DABITC, the mixture was 
dried under reduced pressure and dissolved in 200 ml 
of boiling acetone. _ The acetone solution was filtered 
to remove insoluble materials and then mixed with an 
excess of water to precipitate crude DABITC. This 
product was collected, dried in vacuo and then re-
crystallized twice from the boiling acetone. The deep-
orange leaflet crystals, mp 169 - 170°C, give an i.r. 
spectrum with a very strong -N=C=S characteristic peak 
at 2150 cm- 1 (see Fig . 2-2). 
Analysis: Cale. for C1 5 H 1 4N4S: C, 63.8; N, 19.9; 
S, 11.3; H, 5.00. 
CH3-t-NH-ONH2 
0 
p-Acetarnido an i Ii ne 
H+, NaN02 CH 0 
- YN -F\_ J:H3 CH3' ~ / N=NVNH-C-CH, 
~NLH ~ II -
3 0 
I termed iate 
~ 
+ H, C H3QH 
R CH:r F\_ r-=\._ 1 NH2-CH-COOH CHj'N~N = N-~NH-tr-NH-CH-COOH 
s 
·, 
DABTC-A A 
Blue on Polyan1ide sheet 
H+, H20 
.J 
CH , _ t==\__ r-=\._ ~0 
CH}-N-V-N = N~I/~ - ~ 
~ C C 
j S~ 'N" 'R 
I 
DABTH-A A H 
Red on Polyamide sheet 
CH _;=\._ _F\_ 
CH~:N~N=N-v--NH2 
lntermed iate 11 
V 
CSCl2 
~~~:NON=NON=C=S 
DAB ITC 
Purple on Polyam ide sheet 
FIG, 2-1 Preparation of DABITC and DABTH-amino acid. 
The colour appeared after exposure to HCl vapour 
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Found: C, 63.75; N, 19.59; s, 10.94; II, 5.20. 
The preparation of DANABITC was similar to the 
synthesis of DABITC (Fig. 2-3) except for the following 
modifications: (a) the precipitation of intermediate 
I and intermediate II were found to be difficult. Two 
portions of ethyl acetate (500 ml) were used to 
extract both intermediate I and intermediate II from 
the aqueous layers. The extracts were evaporated to 
dryness in vacuum, giving the creamy intermediate I and 
intermediate II. The synthesis could be continued 
without purifying the crude intermediates: (b) the 
conversion of intermediate I to intermediate II was 
accomplished by refluxing with C2 H5 OH (100 ml) and 
11 N NaOH (20 ml) for 1 h; (c) the final product, 
DANABITC, after being eluted from a silica gel column 
by benzene was dried (also a creamy product) and re-
dissolved in the minimum volume of acetone. Deep red 
crystals precipitated when left in the refrigerator 
overnight, M.P. 125 - 126°C. Its i.r. spectrum had 
a strong -N=C=S peak at 2110- 1 (Fig. 2-4). 
Found: 
--
N, 16.87; 
C, 68.76; 
s, 9.64 
H, 4.96; N, 16.51; 
H, 4.82; 
S, 9.44. 
2.1.2 Preparation of DABTC - Amino Acids, DABTH 
Amino Acids and DANABTH - Amino Acids 
Amino acids (300 mg) dissolved in buffer 1 (30 
ml) were treated with DABITC in acetone (15 ml , 5 µm ole/ 
ml) and incubated for 60 min. at 55°C. For serine 
CH3-f-NHONH2 
0 
p-Acetamido aniline 
H+, NaN02 
8 J:H3 N.CH3 I. 
CH3'N 
CHf 
N=N-VNH-C-CH- OH-, C2HsOH 
~II'"' 
0 
I terroed iate 
~ 
R 
N = N-0-NH-~-NH-CH-COOH 
s 
NH2-CH-COOH 
·, 
DANABTC-A A 
Green on Polyamide sheet 
H+,· r½O CH:3, 8 ;===\__ ,:,0 CH3"N ~ /2 N=N~~-~ 
(\ ;, . s~c,~_c,R 
DANABTH-A A H 
Purple on Polyamide. sheet 
lntermed iate 11 
lg CSCl2 
N=NON~C=S 
DANABITC 
Blue on Fblyamide sheet 
FIG, 2-3 Preparation of DANABITC and DANABTH-amino acid. 
The colour appeared after expoure to HCl vapour 
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ClLI 
threonine, glutamic acid and aspartic acid, titra tion 
with NN-dimethylallylamine is needed to raise t he pH 
to 10. Completion of coupling was indicated by the 
conversion of DABITC band (purple) into a new DABTC-
amino acid band (blue) on polyamide sheet . run in 
19. 
solvent 1 or 2. After the coupling reaction was com-
pleted, the acetone was evaporated and the mixture was 
titrated with 1 N HCl to neutral. The DABTC-amino acid 
was then separated from the excess of amino acid by 
extraction with ethyl acetate (50 ml). The DABTC-amino 
acid extract was evaporated to dryness and used for 
t.l.c. separation or kinetic studies. 
For the synthesis of DABTH-amino acid; the 
dried DABTC-amino acid was dissolved in water (3 ml) 
and acetic acid saturated with HCl (6 ml), heat8d at 
50°C for 50 min, and the mixture then evaporated. The 
complete cyclization of DABTC-amino acid to form DABTH-
amino acid could also be followed easily on t.l.c. 
by observing conversion of the blue DABTC band into the 
red DABTH band. To ensure the complete absence of 
--
excess amino acid, the crude DABTH-amino acid was 
again extracted into ethyl acetate (50 ml) from water 
(70 ml). The ethyl acetate was evaporated and the 
DABTH-amino acid was recrystallized from hot ethanol. 
(Fig. 2-1) 
The preparation of DANABTH-amino acids is similar 
to that of DABTH-amino acids. (Fig. 2-3) 
The method described is not suitable for the 
preparation of DABTC or DARTH d e rivatives of histidine , 
arginine and cysteic acid, since they were difficult 
to separate from the excess of amino acid by ex-
traction. Their spectrophotometric recordings and 
t.l.c. separations were therefore performed in the 
presence of the excess of amino acid. Part of the 
DABTH-Asn and DABTH-Gln (about 10~15%) were converted 
to DABTH-Asp and DABTH-Glu during the cyclization 
stage. The acid labile residues DABTH-Ser and DABTH-
Thr gave the yield of 81% and 97% respectively as 
estimated from the t.l.c. which is in good ag~eement 
with the yield of PTH-Ser and PTH-Thr obtained by 
S j c:)qu is t ( 12 8 ) . 
Elemental analyses of some representative 
DABTH-amino acids obtained according to the method 
described were as follows: 
DABTH-Met, C20H2 3N5S 20 
Cale: C, 58.ll; N, 16.95 
Found: C, 57.92; N, 16.80 
DABTH-Ile, C2 1H 25 N5SO 
Cale: C, 63.80; N, 17.72 
Found: -- C, 63.57; N, 17.95 
DABTH-Asp, C1 ~H1 9N:i 0 3S 
Cale: C, 57.43; N, 17.63 
Found: C, 57.52; N, 17.22 
DABTH-Phe, C24 H23 N:i SO 
Cale: C, 67 . 13; N, 16.32 
Found: C, 66.93; N, 15.9 8 
20. 
2.1.3 Separation and Identification of DABTC-Amino 
Acids, DABTH-Amino .n..cids and DANABTB-Amino 
Acids by T.L.C. on Silica Gel and Polyamide 
Layers 
(a) For separation of DABTC-amino acids on poly-
amide sheets, solvent 3 was used for the first 
dimensional separation and solvent 4 was used 
for the second dimensional separation. 
(b) For ieparation of DABTC-amino acids on Silica 
gel plates, solvent 5 was used for th~ first 
dimensional separation and solvent 6 was used 
for the second dimensional separation. 
21. 
(c) For separation of DABTH-amino acids or DANABTH- -
amino acids on polyamide sheets, solvent 1 was 
used for the first dimensional separation and 
solvent 2 was used for the second dimensional 
separation. 
(d) For separation of DABTH-amino acids on Silica 
gel plates, solvent 8, 9 and 10 were used for 
the one dimensional separations. 
All DABTC, DABTH and DANABTH derivatives appeared 
on the t.l~c. as yellow spots. When those derivatives 
were exposed to HCl vapour, the DABTC-amino acids turn 
to blue colour, the DABTH-amino acids turn to red colour 
and the DANABTH-amino acids turn to purple colour. Much 
greater sensitivities were obtained after exposure to 
the acid. The limit of detection (on a 5 x 5 cm poly-
amide or silica gel plate) is around 10 - 30 pmole. 
2 .1. 4 Ru tes of Format ion of O1\BTII-l\.rnino l\cids from 
their Corresponding DABTC-Amino Acids and 
DABTC-Peptides 
The fact that DABTH-amino acids and DABTC-amino 
acids differ in both u.v. and visible spectrum was 
22. 
used as an advantage in the kinetic study. In the u.v. 
range (268-270 mµ), the DABTH derivatives have higher 
absorption than DABTC derivatives. The course of the 
conversion could be followed by measuring the increase 
in absorption at 268-270 mµ (Fig. 2-5). In the visible 
range, the change of molar extinction coefficient was 
accompanied by a slight shift of A during the con-
max 
version, and was used to measure the rates of cycliz-
ation of the thiocarbamoyl derivatives (Fig. 2-6). 
DABTC-amino acid or dipeptide (0.01 mM - 0.02 mM) 
in acetic acid saturated with HC1/H 2 O (2:1, v/v) or in 
HCl was tightly sealed in a cuvette. The cuvette was 
placed in the cell holder immediately after addition of 
acid. The temperature of the cell holder was fixed at 
50°C and controlled by a thermostat. The spectral 
change in both the ~u.v. and the visible ranges were 
then recorded against a blank acid solution on a 
Unicam SP 1800 ultraviolet spectrophotometer. 
2.1.5 Rates of Coupling between DABITC and Amino 
Acids and the N-Terrninal Amino Acids of Insulin 
Phenylalanine, aspartic acid and insulin were 
taken as the examples. The amino acid (SO nmol of 
phenylalanine or aspartic acid) was dissolved in 200 µl 
>-.. 
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(A) U.V. absorptions during cyclization of DABTC-His-
Gly after 3 min (-), 13 min (--) and 38 min ( .. ) 
0 in 1 N HCl. Temperature 50 C. 
(B) U.V. absorptions during cyclization of DABTC-Gln 
after 2 min (-), 9 min (--) and 28 min ( ... ) in 
0 1 N HCl. Temperature 50 C. 
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FIG, 2-6 
Spectrum change at visible region when DABTC-Phe 
(-) completely cyclized to form DABTH-Phe (--) in 
the H2O/acetic acid saturated with HCl (1:2, v/v) 
solution at so 0 c. Concentration: 0.023 mM. 
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of buffer 1 or buffer 2. ~o this solution was added 
100 wl of DABITC solution (4 nmol/µl in acetone). 
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The final concentration of amino acid was 0.165 mM and 
isothiocyanate was 1.32 mM. Reactions were allowed to 
proceed at 50°C for the time intervals of½, 1, l½, 2, 
2½, and 3 hr. The reactions were stopped by evaporating 
the mixture in a vacuum dessicator. Water (30 wl) and 
acetic acid saturated with HCl (60 µl) were added to 
convert the DABTC-amino acids into the DABTH-amino 
acids (50°C, 1 hr.). After the acid was evaporated, 
the residue was extracted with 100 wl of 75% ethanol. 
Aliquots (20 wl) of this extract were applied zonally 
on the polyamide sheet and developed with solvent 1 or 
2 in order to separate the red DABTH zone which was 
then removed and extracted with 1.5 ml acidic ethanol 
(ethanol/6 N HCl, 2:1, v/v). The absorbance was 
measured at 520 nm. 
A different solvent system was also used to 
study the coupling rate for insulin. When 50% aqueous 
pyridine was used, DABITC was dissolved in pyridine . 
. 
More drastic conditions for the coupling reaction (75°C, 
molar ratio of isothiocyanate/insulin = 50) were also 
adopted. The excess of reagent and by-products were 
extracted by mixing 0.5 ml of benzene with the coupling 
mixture after the reaction period in order to stop the 
reaction and eliminate possible interference during the 
later t.l.c. separation. 
--
2.1.6 Solubilities of DABTC Derivatives of Non-
polar Amino Acids and Peptides in Organic 
Solvents 
24. 
DABTC-amino acids and peptides (20 nmole) were 
dissolved in 200 µl of 67% aqueous pyridine and ex-
tracted by mixing with 500 µl of benzene, ether or 
heptane/ethyl acetate mixtures. After removing the 
organic phase, the aqueous phase was dried and re-
dissolved in ethanol. The retentions of DABTH-amino 
acids and peptides in the aqueous phase were calculated 
by comparing the absorbances with a standard (unextracted) 
sample. 
2.1.7 Hydrolysis of DABITC in Alkaline Solution 
DABITC solution (5 nmol/µl in acetone or 
pyridine) was mixed with twice the volume of buffer 1, 
2, 3 or 50% aqueous pyridine. After varying reaction 
periods, aliquots were removed and applied immediately 
onto the polyamide sheet to separate the hydrolysis 
product from the reagent. The quantitation of con-
version as a percentage was calculated from the standard 
molar extinction coefficient of 4-NN-dimethylamino-4'-
aminoazobenzene (DAAB) in the ethanol/6 N HCl (2:1, v/v) 
(4.5 X 10 4 ). 
2.1.8 Stabilities of DABTC-Arnino Acids and DABTH-Amino 
Acids in Alkaline Solution 
DABTH-amino acid (or DABTC-amino acid) was 
dissolved in 1 N NaOH (40 nmole/100 µ1) and incubated 
at 55°C for 1 h. No precautions were taken to exclude 
oxygen. The mixture was acidified with 1 N IICl and 
the converted products were extracted into ethyl 
acetate (100 µ1). The ethyl acetate extract was 
evaporated and redissolved in 40 µl of ethanol. The 
converted products were identified on both polyamide 
and silica gel thin layer chromatography. 
2.1.9 Suggested Conditions for the Qualitative and 
Quantitative N-terminal Determination of 
Peptides and Proteins 
25. 
Peptide or Protein (1 nmole for qualitative 
analysis and 10 nmole for quantitative analysis) 
dissolved in 50% aqueous pyridine (60 µ1) are treated 
with DABITC solution (30 µl, 10 nmole/ µl in pyridine). 
Coupling is carried out at 75°C for 1.5 h. The excess 
DABITC and hydrolysis product (DAAB) are extracted by 
mixing the sample with two portions of 500 µl heptane/ 
ethyl acetate (2:1, v/v). After the second extract is 
removed, the sample is dried, dissolved in H+/H 2O (80 µl, 
see Abbreviations) and incubated at 55°C for 1 h. 
(a) For qu~litative N-terminal determination, the 
acid is dried and the sample is dissolved in 20 
µl of ethanol for t.l.c. identification. 
(b) For quantitative N-terminal determination, the 
H+/H20 solution is divided into two equal volumes, 
one is used for amino acid analysis (after acid 
hydrolysis) and the other is used for N-terminal 
quantitation on t.l.c. When DABTH-His, DABTH-Arg, 
DABTH-Asp or DABTH-Glu are found to be the N-
terminal, they can be separated and quantitated on 
26. 
polyamide 5heets. When the other DABTH-amino 
acids are found to be the N-terminal, they can 
be separated and quantitated on silica gel 
plates. The recovery of N-terminal amino acid 
was worked out by comparing the quantitation of 
DABTH-amino acids and amino acid analysis. This 
method eliminates the error which was caused by 
the possible extraction losses. 
2 . 1.10 N-Terminal Map of the Peptides Mixture of 
Protein Enzymatic Digest 
Proteins (20 nmole) were digested with trypsin 
(in 0. 25% ammonia bicarbonate, 18 hat 37°C, substrate/ 
enzyme= 40) and freeze dried. The quantitative N-
terminal determination of the peptides mixture was 
analyzed according to the method described in 2.1.9. 
2.1.11 Quantitative Analysis of DABTH-Amino Acids 
Removed from T.L~C. 
Two methods were generally used for the quanti-
tation of the DABTH derivatives (or DABTC derivatives) 
recovered from t.l . c . 
(a) The derivatives recovered from the polyamide 
sheet (both polyamide and derivatives) were 
dissolved in 6 N HCl/ethanol (1:2, v/v) and the 
absorbancies were measured at 520 nm. 
(b) The derivatives recovered from silica gel plates 
were extracted into absolute ethanol and the 
absorbancies were measured at 420 nm. The 
molar extinction coefficients ( E ) of DABTH-
max 
amino acids ar e a bout 34,000 a t 42 0 nm ( i n 
ethanol) and 47,000 at 520 nm (in 6 N HCl/ 
ethanol, 2:1 v/v). 
2.1.12 Reaction of DABITC with Amino Alcohols 
27. 
The amino alcohols, DL-alaninol hydrochloride, 
L-tyrosinol hydrochloride, L-histidinol dihydrochloride 
and glycinol (50 nmole each) were dissolved in 50 µ l 
of buffer 2 and mixed with 75 µ l of DABITC solution 
(2 nmole/ µ l in acetone). The mixture was stoppered 
and heated at 50°C for 2 h. and then evaporated in 
vacuum desiccator. The dried residue was treated with 
two different acid solutions (I) 50 µ l of 1 N HCl at 
50°C for 2 h. or (II) 50 µ l of HLO/CH 3COOH saturated 
with HCl (1:2, v/v) at 50°C for 45 min. After the acid 
treatment, the mixture was dried again and redissolved 
in 50 µl of ethanol for the t.l.c. identification. The 
purpose of acid treatment after the coupling reaction 
is to convert any contaminating amino acid derivatives 
into red coloured DABTH-amino acids. 
The separation and identification of DABTC-amino 
alcohols were performed t~o dimensionally on a 2.5 x 
2 . 5 cm polyamide sheet. Solvent 11 was used for the 
first dimensional separation and solve nt 12 wa s us e d 
for the second dimensional separation. The DABTC- am ino 
alcohols which appeared on t.l.c. as yellow s po t s wer e 
turn d to blue afte r t h e shee t wa s exposed to HC l vapour . 
2.2 RESULTS AND DISCUSSION 
2.2.1 §__eectrophotometric Properties of DABTH-Amino 
Acids 
The molar extinction coefficient ( E ) of 
max 
DABTH-amino acids were first determined for the basis 
of quantitative calculations. DABTH-amino acids 
absorb at both u.v. (265-272 nm) and visible (420-
520 nm) regions. The molar extinction coefficient 
(E) and absorption maxima (A ) of DABTH-amino acids 
max 
are dependent on the nature (acidity) of ~olvent used 
to dissolve DABTH-amino acids (see Fig. 2.7). As can 
be seen from Table 2-1, the E of DABTH-amino acids 
max 
(in ethanol) at 419-422 nm is about 34,000, or aoprox-
28. 
imately twice as high as the corresponding coefficient 
of the PT H - amino acids at 2 6 9 nm ( 16 , 0 0 0 ) ( 12 8 ) . When 
DABTH-amino acids were dissolved in acidic ethanol, the 
E were increased as a positive function of acidity 
max 
and the A were also shifted to longer wavelengths 
max 
( 5 2 0 - 5 2 2 nm) . The E ( in ethanol)/ E ( in ethanol/ 
max max 
6N HCl, 2/1, v/v) ratio is ab0ut 0.73 for the DABTH-
amino acids studies (Table 2-1). 
The absorption of DABTH-amino acids at u.v. 
region (Table 2-2) is less important in terms of 
quantitative analysis due to their lower sensitivity 
and the higher possibility of being contaminated by 
other u.v . absorption materials. 
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Spectra of DABTH-Va1 in ethanol 
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TABLE 2-1 
Molar extinction coefficients ( E ) 
max 
of DABTH-amino acids in the visible region 
DABTH-AAs E (419-422) E (518-522) ratio 
max ffi:3.X 
in ethanol in ethanol/6N HCl (2:1) 
Pro 34,300 ( 4 20) 44,000 ( 522) 0.78 
Ile 34,600 ( 4 2 0) 47,400 (519) 0.73 
Leu 34,300 ( 4 20) 47,600 ( 522) 0.72 
Val 34,300 ( 4 22) 47,600 (519) 0.72 
Phe 34,300 ( 4 20) 47,600 ( 520) 0.72 
Met 34,300 ( 4 20) 48,300 (520) 0.72 
Ala 34,300 ( 4 2 0) 47,600 ( 52 0) 0.72 
Gly 34,000 ( 4 20) 43,600 ( 52 2) 0.78 
Hyp 34,300 ( 4 2 0) 47,000 ( 518) 0.73 
Trp 33,700 ( 4 2 0) 44,900 ( 52 2) 0.75 
Tyr 34,500 ( 419) 47,300 ( 520) 0.73 
Asn a 34,900 ( 4 22) 47,800 ( 52 0) 0.73 
Glnb 34,500 ( 4 22) 47,900 (518) 0.72 
Ser C 33,100 ( 4 2 0) 46,600 ( 5 20) 0.71 
Thr 34,500 ( 4 2 2) 46,600 (520) 0.74 
Asp 34,900 --( 4 2 .o) 45,300 (520) 0.77 
Glu 33,500 ( 4 21) 45,300 ( 52 0) 0.74 
Arg d 34,500 ( 4 2 2) 44,200 ( 52 0) 0.78 
His d 34,500 ( 4 2 2) 44,800 (520) 0.77 
a E 
max 
was measured in the presence of DABTH-Asp (10-15 %) 
b measured . the o f DABTH-Glu ( 10 %) E was in p resence max 
C measur e d the of DABTH-Ser 6 ( 19 % ) Emax was in presence 
d measured . the of . acid E was in presence excess amino max 
TABLE 2-2 
Molar extinction coefficients (E ) 
· max 
of DABTH-amino acids in u.v. region 
DABTH-Al\s E (265-269) ( (267-272) ratio 
Pro 
Ile 
Leu 
Val 
Phe 
Met 
Ala 
Gly 
Hyp 
Trp 
Tyr 
Asn 
Glna 
Ser b 
Thr 
Asp 
Glu 
Arg 
His 
a 
b 
max max 
in ethanol in ethanol/6N HCl ( 2: l) 
34,300 (269) 33,600 (272) 1.02 
28,900 ( 2 6 8) 27,600 ( 2 7 0) 1.05 
32,700 ( 26 7) 30,800 (268) 1.06 
28,500 ( 2 6 6) 27,000 ( 2 6 9) 1.06 
33,500 ( 2 6 7) 31,700 (268) 1.06 
31,000 (266) 31,000 ( 27 0) 1.00 
33,300 ( 2 6 6) 32,200 (268) 1.02 
34,000 ( 265) 31,900 (267) 1.07 
29,800 ( 2 6 9) 28,800 ( 2 7 2) 1.03 
27,600 (269) 27,000 ( 2 71) 1.02 
33,100 ( 2 6 9) 31,100 ( 27 0) 1.06 
28,800 (266) 26,400 ( 27 0) 1.09 
26,300 ( 26 7) 26,000 ( 2 7 0) 1.01 
25,500 (268) 26,400 ( 27 0) 0.97 
29,200 ( 26 5) 27,000 (267) 1.08 
31,000 ( 26 7) 30,300 (269) 1.02 
E was measured in the presence of DABTH-Glu (10%) max 
E 
was measured in the presence of DABTH-Ser~ (19 %) max 
2 9 • 
2.2.2 Separation and Identification of DABTC-Amino 
Acids, DABTH-Amino Acids and DANABTH-Amino Acids 
by T.L.C. on Silica Gel and Polyamide Layers 
The colour change of various azo-dye derivatives 
(Fig. 2-1 and Fig. 2-3) exhibits an outstanding feature 
which facilitates both synthesis of DABITC and DANABITC 
and identifications of DABTH-amino acids and DANABTH-
amino acids. During the conversion from DABITC into 
DABTC-amino acid and then DABTH-amino acid (all of which 
appeared as yellow spots on the t.l.c. before exposure 
to HCl vapour), the colour changes from purple to blue 
to red (Fig. 2-1), which simplified the identification 
of the DABTH-amino acids by eliminating the ambiguous 
contamination caused by the unchanged DABITC and DABTC 
derivatives. 
The colour changes of DANABITC (blue), DANABTC 
derivatives (green), and DANABTH derivatives (purple) 
as indicated in Fig. 2-3 were the major differences 
between the DABITC and the DANABITC method. As 
anticipated, the replacement for the benzene ring in 
DABITC by the naphthalene ring in DANABITC shifted the 
absorptions to longer wavelengths. 
The Rf values (Table 2-3) and schematic represent-
ation of 24 DABTH-amino acids separated on a polyamide 
sheet (Fig. 2-Ba) are presented. The blue coloured by-
products (dotted), unchanged purple DABITC (hatched) and 
purple red DABTH-( E-DABTC)-lysine could be readily dis-
criminated from the other DABTH-amino acids. The heavy 
TABLE 2-3 
Rf values (xl00) of DABTH-arnino acids on polyarnide 
layers separated by the solvent systems indicated 
DABTH-AA Solvent 1 Solvent 2 
Pro 32.5 90.0 
Ile 21.0 81.5 
Leu 20.0 81.5 
Val 27.0 78.0 
Phe 17.5 73.0 
Met 27.5 71.5 
Ala 38.5 65.0 
Gly 48.0 60.0 
Trp 9.0 40.5 
Tyr 16.5 19.5 
Hyp 39.0 46.0 
Asn 60.5 27.0 
Gln 57.5 40.0 
Mes (02) 54.5 33.0 
Ser 52.0 25.0 
Thr 50.0 38.0 
Asp 37.5 20.0 
.-Glu 35.0 37.0 
CrnCys 24.0 21.0 
Arg 87.0 6.0 
His 88.5 18.5 
Lys(mono) 89.5 28.5 
Lys (bis) 0.0 27.5 
Cys{O3H) 12.0 0.0 
FIG. 2-8 
(a) Two dimensional t.l.c. separation of DABTH-amino 
acids on Cheng-Chin polyamide sheet. The composi-
tions of solvent 1 and solvent 2, and the abbre-
viations used are described in the MATERIALS and 
ABBREVIATIONS sections. The application of purple 
coloured DANABTH-Asp and DANABTH-Ser (solid) are 
used as the markers to discriminate the unknown 
DABTH derivatives among Gln, Thr, Mes(02), Asn 
and Ser. The blue coloured by-products (dotted) 
A,B,C,D and E appeared when triethylamine-acetic 
acid buffer was used for the coupling reaction. 
(b) The positions of DABITC (purple), DABTC-diethyl-
amine (E, blue) and DAAB (F, greenish red) are three 
valuable markers for the identifications of DABTH-
amino acids with close Rf value. A straight line 
connecting spots DABITC and E, or the triangular 
shapes between the unknowns and spots E and F provide 
a rapid identification between DABTH-Phe and DABTH-
Met, between DABTH-Gln and DABTH-Thr and between 
DABTH-Asp and DABTH-Ser. 
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blue spots A, B, C, D, E, appeared only when excess 
DABITC and the buffer suggested by Sjojuist (128) were 
employed for the synthesis of DABTH-amino acids. The 
appearance of those blue by-products has been found to 
be proportional to the amount of triethylamine present 
in the buffer and the major spot, E, was found to be 
DABTC-diethylamine. This will be further discussed in 
Chapter 3. 
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The satisfactory separation of various DABTH-
amino acids on a two dimensional polyamide sheet has 
been a significant advantage in the use of DABITC. With 
the exception of leucine and isoleucine, all other 
DABTH-amino acids could be readily separated. It is 
possible to achieve acceptable separation of DABTH-Leu 
and DABTH-Ile on a one dimensional separation with 
solvent 1, if care is taken to apply the sa~ple as a 
very small spot. The satisfactory separation of DABTH-
Leu from DABTH-Ile, however, could be achieved on silica 
gel plates (Table 2-4). Although most DABTH-amino acids 
could be separated, the identification of an unknown 
DABTH-amino acid usually does not give an immediate 
answer, especially the discrimination between DABTH-Phe 
and DABTH-Met, and between DABTH-Gln and DABTH-Thr. In 
the DNS method, one usually applies the standards on the 
reverse side of polyamide sheet followed by correlating 
the unknown spot with those of standards. This tech-
nique was found to be unsatisfactory when applied to 
the separation and identification of DABTH-amino acids 
T/\BLE 2-4 
Rf values (xl00) of DABTH-amino acids on silica gel 
layers separated by the solvent systems indicated 
DABTH-AA Solvent 8 Solvent 9 Solvent 10 
Pro 99.0 92.0 87.0 
Ile 99.0 73.0 6 0. 0-
Leu 99.0 78.0 66.0 
Val 97.0 64.0 51.0 
Phe 97.0 58.0 47.0 
Met 97.0 52.0 43.0 
Ala 89.0 37.0 36.0 
Gly 79.0 25.0 29.0 
Trp 85.0 31.0 33.0 
Tyr 70.0 14.0 22.0 
73.0 .- 18.0 23.0 Hyp 
Asn 35.0 2.0 3.0 
Gln 39.0 2.0 3.0 
Ser 50.0 6.0 9.0 
Thr 61.0 10.0 16.0 
Asp 5.0 0.0 0.0 
Glu 11.0 0.0 0.0 
CmCys 4.0 0.0 0.0 
Arg 1.0 0.0 0.0 
His 37.0 1.0 1.0 
31. 
on a small size polyamide sheet (such as 2.5 x 2.5 cm). 
The fact is that the speed of the ascending solvent is 
always different on the opposite sides when the sheet 
is not developed in a precisely vertical position. 
Hence, I prefer to apply standards on the same side of 
polyamide sheets and then identify the unknowns by 
relating their positions to the applied markers. The 
appearance of the major blue by-product E (DABTC-diethyl-
amine) fortuitously meets this requirement. By its 
help, the discrimination of threonine-serine; glutamine-
asparagine, and glutamic-aspartic pairs were clear. 
However, the distinction between asparagine and serine 
and between glutamine and threonine could be improved, 
even though they are well separated by two-dimensional 
t.l.c. This problem arises mainly because the size of 
the polyamide sheet used was 2.5 x 2.5 cm. Two criteria 
are proposed to help in resolving this problem: 
(a) Application ~f F (a hydrolyzed product of DABITC, 
DAAB) as well as E as the markers. Extrapolation 
of the line joining the centre point of unreacted 
DABITC and spot E (Fig. 2-8b) should go through 
the centre point of DABTH-Thr and DABTH-Asn, and 
leave the DABTH-Gln and DABTH-Ser located outside 
this line. This is the easiest way which I have 
applied to the sequence determination of glucagon 
and the insulin A chain. Alternatively, one can 
examine the different triangular shapes between 
spots E , F, and the spot of unknown DABTH-amino 
acid . 
32. 
(b) The application of the purple standards DANABTH-
Ser and DANABTH-Asp, together with the unknowns 
at the origin when one of those four DABTH-AAs 
is suspected. Fig. 2-8a shows the relative 
positions of the red coloured DABTH-Gln, DABTH-
Asn, DABTH-Thr, and DABTH-Ser to the two purple 
markers, DANABTH-Asp and DANABTH-Ser (blackened 
area). The colour difference between markers 
and unknowns offers an advantage that even though 
they partly overlap, one can still tell their 
relative positions by the heterogeneous colour 
intensity. When this criterion is to be applied, 
the diameter of the spot at the origin should 
be as small as possible. The amount of authentic 
markers applied should be less than 20 picomol 
for a 2.5 x 2.5 cm sheet. 
The development of the separation of DABTH-amino 
acids on silica gel plates resulted from two shortcomings 
encountered in the chromatography of DABTH-amino acids 
on polyamide sheets: (a) DABTH-Leu and DABTH-Ile remain 
unresolved on polyamide sheets, and (b) the recovery of 
DABTH-amino acids from the polyamide sheets is difficult 
unless a strong acidic solvent (such as 6 N HCl/ethanol, 
1:2, v/v) is used to dissolve both DABTH-amino acids and 
the polyamide simultaneously (see section 2.1.11). 
Table 2-4 gives the Rf values of the one dimensional 
separation of DABTH-amino acids on silica gel plates 
developed by solvent 8, solvent 9 and solvent 10. DABTH-
Leu and DABTH-Ile could be well separated by solvent 9 
33. 
and 10. Solvent 8 is suitable for separation of 
DABTH-Asn, DABTH-Gln, DABTH-Ser, DABTH-Thr, DABTH-Asp 
and DABTH-Glu. Solvent 9 and 10 are used to separate 
the remaining common occurring DABTH-amino acids except 
DABTH-Asp and DABTH-CmCys which cannot be distinguished 
in either solvent. The Rf value of DABTH-Arg is zero 
in both solvents. The Rf value of a -DABTH-(s-DABTC)-
lysine is 0.27 in solvent 10 and 0.9 in solvent 8. 
The recovery of DABTH-amino acids from silica gel 
is relatively simple. A number of solvents, such as 
ethanol, methanol or acetone could be used to extract 
DABTH-amino acids, and the silica gel being easily re-
moved by centrifugation. The silica gel plates, therefore, 
should be used in combination with polyamide sheets 
whenever discrimination between DABTH-Leu and DABTH-Ile 
or quantitation of DABTH-amino acids is needed. 
Fig. 2-9 and Table 2-5 show the schematic 
representation and Rf values of two dimensional t.l.c. 
separation of 25 DANABTH-amino acids. They were found 
to have very similar chromatographic behaviour to DABTH-
amino acids. The only amino acid pairs which could not 
be separated satisfactorily were: isoleucine and 
leucine, glutamine and threonine; and asparagine, 
methionine sulfone and serine. The generation of the 
green by-products A, B, D, E was the same as those blue 
by-products produced in the DABITC method. The major 
gree n by-product, E, in addition to the two s e l ec t ed 
red DABTH-Gly and DABTH-Hyp, fulfill e d the requir eme nt 
TABLE 2-5 
Rf values (xl00) of DANABTH-amino acids on polyamide 
layers separated by the solvent systems indicated 
DANABTH-AA Solvent 1 Solvent 2 
Pro 91.0 53. 0 . 
Leu 88.0 37.0 
Ile 88.0 39.0 
Val 84.0 47.0 
Phe 77.0 35.0 
Met 77.0 44.0 
Ala 72.0 59.0 
Gly 65.0 66.0 
Hyp 55.0 59.0 
Trp 46.0 20.0 
Gln 49.0 73.0 
Thr 47.0 69.0 
Glu 46.0 56.0 
Mes (0 2) 39.0 68.0 
Asn .- 36.0 71.0 
Ser 32.0 68.0 
Asp 27.0 54.0 
CmCys 31.0 45.0 
Tyr 27.0 32.0 
Lys(mono) 36.0 94.0 
His 28.0 94.0 
Arg 16.0 93.0 
Cys(O3H) 0.0 23.0 
Lys (bis) 50.0 3.0 
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FIG, 2-9 
Two dimensional separation of DANABTH-amino acids and 
DANABTC-NH 2 (blackened areas) on polyamide sheet. All 
the blackened areas are purple colour except for Bis-
Lys which is greenish purple and DANABTC-NH 2 which is 
green. The green~sh by-products (bracken circles; A,B, 
. . 
D and E) and the red spots (unbrocken circles; DABTH-
Gly and DABTH-Hyp) are used as the reference markers. 
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of markers to distinguish most of the DANABTH-AAs. 
The blue coloured DABTC-amino acids as well as 
the red coloured DABTH-amino acids and purple coloured 
DANABTH-amino acids could be separated bidimensionally 
by t.l.c. on polyamide (3.75 x 3.75 cm) or silica gel 
(5 x 5 cm). Fig. 2-10 (and Table 2-6) shows the two 
dimensional chromatography of a mixture of common 
DABTC-amino acids. The separations were found to be 
less satisfactory than those obtained from DABTH-amino 
acids. This could be partly due to the presence of 
34. 
free carboxyl groups which minimize the subtle dis-
crimination between side chains of amino acid derivatives. 
Nevertheless, I believe that there is a great potential 
of using DABTC derivatives in the quantitative amino 
acid analysis. One of the advantages is that DABITC 
forms only single derivatives with tyrosine and histidine 
at the amino group when the other reagent, such as DNS-Cl 
and DNFB, will also react with the side chains of 
tyrosine and histid1ne. 
2.2.3 Rates of Formation of DABTH-Arnino Acids from 
their Corresponding DABTC-Arnino Acids and DABTC-
Peptides 
The cyclization reaction of DABTC-amino acids or 
peptides to DABTH-amino acids were studied in two acid 
solution systems, lN HCl and CH 3 COOH saturated with 
HCl/H2O (2:1, v/v). The conversion reaction was performed 
in a tightly sealed cuvette, hence, the change of ab-
sorbancy as a function of time at A of either u.v. or 
max 
TABLE 2-6 
Rf values (xl00) of DABTC-amino acids on silica gel 
and polyamide layers separated by the solvents indicated 
Silica gel Poly amide 
DABTC-AA Solvent 6 Solvent 5 Solvent 3 Solvent 4 
Pro 31.0 54.0 59.0 49.0 
Ile 65.0 76.0 30.0 69.0 
Leu 59.0 72.0 35.0 69.0 
Val 58.0 66.0 38.0 59.0 
Phe 52.0 71.0 24.0 69.0 
Met 45.0 67.0 42.0 56.0 
Ala 39.0 54.0 50.0 47.0 
Gly 25.0 42.0 51.0 30.0 
Hyp 8. 0 21.0 79.0 12.0 
Trp 27.0 59.0 12.0 29.0 
Tyr 32.0 48.0 23.0 12.0 
--
Asn 4. 0 21.0 72.0 31.0 
Gln 4.0 25.0 72.0 32.0 
Ser 13.0 27.0 61.0 15.0 
Thr 18.0 35.0 64.0 27.0 
Asp 12.0 2.0 51.0 12.0 
Glu 15.0 4.0 55.0 20.0 
Arg 0.0 11.0 88.0 7. 0 
His 0.0 27.0 91.0 20.0 
Lys(mono) 0.0 14.0 91.0 21.0 
Lys (mono) 0.0 7.0 91.0 32.0 
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FIG, 2-10 
Two dimensional t . l.c. separation of DABTC-amino acids on polyamide sheet (A) 
and silicagel plate (B). The compositions of solvent 3, solvent 4, solvent 5, 
and solvent 6 are described in the MATERIALS section. All the DABTC amino acids 
appeared as blue spots after the plates were exposed to HCl vapour. 
·;.;..~~~-,u.-
--~ 
--~·- ,--~- _,, __ ,_ ~ --.--.. ~ .. · 
0 
\ 
A 
~lie 
~Leu 
·, 
~Met 
Val~ Alo dro 0 
o (Yi~ er 
fak!qhr VD Hyh OHis Tyr 0 £? S~r ua 
Orna:ta:c.ulNS'iStZAithcilG"WCi,/.,.;awww. ea CWiilDl&•Writi www .. ..,. rg j 
.....U:OiJCM.t#'WliSWJIJCWi!iCZ'!ia 
1 --~ Solvent 3 
'0 
-+-
c 
~ 
-0 
V) 
,,. 
2 
lie 
Va I r-"")o 
~Leu 
Ala 
l)'r 0 
OQPro 
()rhe 
C1v\et 
OGlu () () • Ser L) Gly Trp r Asp O ""'rhr 
o-Q-,a.0----:n:;:.;.a: WN!Ji L»lkc&W:S:W.&i CW i.lMM*WdGI.W.lrUi\ 
1 -->- Solvent 5 
B 
.. - .... Wi~ ..... 
1 
1 
. 
visible range would reflect the change of molar 
extinction coefficient (at A ) along the reaction 
max 
course. As can be seen from Fig. 2-5 and Fig. 2-6, 
the absorbancy change at 270 run is more prominent, 
however, the absorbancy change in the visible range 
was accompanied by a slight shift of A from 540 nm 
max 
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to 520 nm (in CH3COOH saturated with HC1/H 2 0), or from 
530 nm to 510 nm (in 1 N HCl). The cyclization rates 
calculated from the absorbancy change in either u.v. or 
visible range were essentially the same. 
The cyclization of the DABTC derivatives studied 
in this report were apparently quantitative as the 
final reaction mixture on t.l.c. displayed only a 
unique band of red DABTH derivative. Strict adherence 
to first order kinetics for the conversion of PTC-
arginine was observed by Ilse and Edman (194). Table 
2-7 gives the cyclization rates (t 1 ) of DABTC derivatives ~ 
of the indicated amino acids and peptides under the 
conditions specified. 
The cyclization reaction of all the DABTC 
derivatives studied obviously proceeded much faster in 
the CH3COOH saturated with HC1/H 2 0 (2:1, v/v) than in 
the lN HCl medium. DABTC derivatives of glycine as well 
as glycyl-leucine were exceptional for their complete 
conversion to the DABTH derivatives took about three to 
four times longer than the other DABTC derivatives in 
either CH3COOH saturated with HC1/H 2 0 or l N HCl medium. 
These experiments indicate that one hour at 50°C 
TABLE 2-7 
Half life (minutes) of the cyclization reactions of 
DABTC-derivatives of the indicated amino acids and 
peptides at 50°C under the acid conditions specificed. 
DABTC-
derivatives 
Glu 
Gln 
Thr 
Gly 
Phe 
Gly-Leu 
Leu-Leu 
His-Gly 
Phe-Gly 
1 N HCl CH3COOH saturated with 
HCl/H2O (2:1, v/v) 
7.5 2.3 
5.6 1.6 
8.7 4.4 
38.5 7.9 
6.8 1.4 
69.3 18.7 
10.7 4.2 
6.7 2.8 
--
7.1 2.0 
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in the CH 3 COOH saturated with HC1/H 2 0 (2:1, v/v) is 
the optimum condition to convert the DABTC derivatives 
into their corresponding DABTH-amino acids. 
2.2.4 Rates of Coupling Reaction between DABITC and 
Amino Acids and the N-terminal Amino Acids of 
Insulin 
Complete thiocarbamoylation of phenylalanine 
could be achieved after 2.5 hr reaction at 50°C under 
the condition indicated in Fig. 2-11. However, thio-
carbamoylation of aspartic acid could only reach about 
30% in the buffer 1/acetone (2:1, v/v) medium and 60% 
in the buffer 2/acetone (2:1, v/v) medium under the 
same reaction conditions. It was found that aspartate 
and glutamate could be thiocarbamoylated faster than 
aspartic acid and glutamic acid. 
The thiocarbamoylation of the N-terminals of 
insulin was studied in more detail. From Fig. 2-12 
and Fig. 2-13, it appears that the maximum recoveries 
of the two insulin N-terminals are around 75-83 %. 
However, I wish to point out that these data were ob-
tained without considering the extraction losses as 
well as other corrections. In fact, a nearly quanti-
tative degradation was achieved under the optimum 
condition specified in Fig. 2-13, that is, 50 % aqueous 
pyridine/pyridine (2:1, v/v), 75°C and 1.5 hr, as only 
negligible artifacts (DABTH-Phe and DABTH-Gly) we re 
found after the second degradation. 
FIG, 2-11 
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Time, hou r 
Rates of coupling reaction between DABITC and 
phenylalanine in buffer 2/acetone ( 2 : 1 , v/v) (-.6 - ) 
and buffer 1/acetone (2 : 1 , v/v) ( - o - ) , and between 
DABITC and aspartic acid in buffer 2/acetone 
(2 : 1 , v/v) ( --.6 --) and buffer 1/acetone (2 : 1 , v/v) 
(--o--) solutions . Temperature so 0 c . Molar ratio 
of reagent/arninoacid is 8 . 
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FIG, 2-12 
Rates of coupling reaction between DABITC and the 
N-terminal amino acids of insulin. Temperature so 0 c. 
Molar ratio of reagent/insulin is 8. 
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FIG, 2-13 
Rates of coupling reaction between DABITC and 
the N-terminal amino acids of insulin in the 50% 
aq. pyridine/pyridine (2:1, v/v)solvent system 
under the following specified conditions: 
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2.2.5 Solubilities of DABTC Derivatives of Nonpolar 
l\mino Acids and Peptides in Organic Solvents 
37. 
Extraction losses of PTC derivatives of non-
polar peptides by the organic solvent after the coupling 
reaction has been one of the crucial steps which 
abstained one form obtaining sequence results of short 
nonpolar peptides. In the DABITC method, these ex-
traction losses would be expected to be more substantial 
for DABTC derivatives, since the benzene ring is re-
placed by a more nonpolar azobenzene moiety. · Among the 
various solvents tried, extraction twice with heptane/ 
ethyl acetate (2:1, v/v) was found to retain the maximum 
of DABTC derivatives in the aqueous phase as well as 
extracting the most of the DABITC (excess reagent) and 
DAAB (hydrolyzed product) into the organic phase (Table 
2-8) . 
For the sequence determination of a hexapeptide 
(Leu-Trp-Met-Arg-Phe-Ala) by the direct DABITC method 
.(see Chapter 4), the last residue (DABTH-Ala) was 
virtually undetectable if benzene was used to extract 
the excess of reagent after the coupling reaction. 
However, distinct DABTH-Ala was identified when employing 
heptane/ethyl acetate (2:1, v/v) as the extraction 
solvent. 
2.2.6 Hydrolysis of DABITC in Alkaline Solution 
By using DABITC in the N-terminal determination, 
it has been found ·that the intensities of some by-products 
TABLE 2-8 
Retentions of (1) DABITC and DAAB and (2) DABTC derivatives of non-polar amino acids and 
dipeptides after the extraction by the indicated solvent from 67% aq. pyridine 
Azodyes Benzene Ether HEP/EA(l/l)a 
DABITC & DAAB 
Leu 
Phe 
Pro 
Val 
Ala-Leu 
Gly-Leu 
Leu-Leu 
Phe - Phe 
C 
once 
2 % 
6 % 
5 % 
31 % 
7 % 
8 % 
6 % 
4 % 
6% 
C 
once 
10 % 
53 5! 
23 % 
86 % 
26 % 
64 % 
69 % 
32 % 
36 % 
a. n-Heptane/Ethyl acetate ( 1: 1, 
b. n-Heptane/Ethyl acetate ( 1 : 2 , 
C 
once 
32 % 
94 % 
100% 
95% 
92% 
98 % 
100 % 
79 % 
88 % 
v/v) 
v/v) 
c. extraction was performed once by 500 
d. extraction was performed twice by 500 
µ l of 
µ l of 
HEP/EA(l/l)a 
. d twice 
4% 
73% 
89 % 
86 % 
56 % 
60 % 
92 % 
15 % 
32 % 
solvent from 200 
HEP/EA(2/l)b 
C 
once 
56 % 
100 % 
100 % 
98 % 
99 % 
99 % 
100 % 
92 % 
91 % 
µl 67 % aq. 
solvent from 200 µl 67 % aq. 
HEP /EA ( 2/ 1) b 
. d 
twice 
3 % 
100 % 
100 % 
98 % 
81 % 
99 % 
100 % 
72 % 
81 % 
pyridine 
pyridine 
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produced were dependent on the nature of the buffer 
used for the coupling reaction (see Chapter 3). One 
of the major by-products is, however, the hydrolyzed 
product of DABITC, namely 4-NN-dimethylamino-4'amino-
azobenzene (DAAB). This by-product, owing to its unique 
Rf value and colour change on t.l.c. has been used as 
a marker for the identification of unknown DABTH-amino 
acids (see Fig. 2-8b and Sec. 2.2.2). On the polyamide 
sheet, the colour of DAAB changed reversibly from yellow 
to green to red after being exposed to HCl vapour. 
Most of the DAAB and unreacted DABITC could be separated 
from the DABTC-peptides by extraction with the approp-
riate organic solvent (Table 2-8). 
The hydrolysis of DABITC appears to be a function 
of pH value and temperature. In the high pH medium, the 
hydrolysis is extremely fast. Under the condition which 
is chosen for the N-terminal determination, about 75% 
of the reagent was hydrolyzed to DAAB (Fig. 2-14). 
2.2.7 Stabilities of DABTC-Amino Acids and DABTH-Amino 
Acids in Alkaline Solution 
The destruction of DABTH-amino acids in strong 
alkaline solution is almost instantaneous, as observed 
by the disappearance of the absorption at 269 nm. The 
arbitrary chosen conditions (1 N NaOH, 55°C, 1 h) con-
verted most of the DABTH-amino acids (Glu, Ile, Leu, Phe, 
Gln, Val, Ala, Met, Thr, Ser, Trp, Tyr and Gly) into 
one maJor (a) and two minor (band c) blue products as 
FIG. 2-14 
The hydrolysis of DABITC to form DAAB in the following 
specified alkaline solutions and conditions: 
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shown on Fig. 2-15. The nature of the maJor blue 
product (a) was identified as DABTC-NH2 by comparing 
its colour, shape and Rf values on both polyamide and 
silica gel plates with an authentic sample. The nature 
of the other two products were not identified. They 
are believed to be the DABTC type product since they 
appeared on t.l.c. as blue coloured spots. The same 
alkaline condition, however, converted DABTH-Pro and 
DABTH-Hyp to DABTC-Pro and DABTC-Hyp respectively. 
The existence of sodium dithionite (0.2M) in 
lN NaOH solution changed the hydrolysis mechanism by 
converting most of DABTH-amino acids into their 
corresponding DABTC-amino acids. However, part of the 
azo bond was also reduced by the sodium dithionite. 
The same amino acid derivatives of DABTC (including 
serine and threonine) were found to be stable in the 
1 N NaOH solution (55°C, l h). No significant chemical 
change of DABTC amino acids was observed on t.l.c. after 
alkaline hydrolysis. 
Hydrolysis of PTH-amino acids back to their parent 
amino acids in the alkaline solution has been one of the 
quantitative methods of obtaining the released amino 
acid residues during the protein sequence determination 
(89, 90). Some interesting results, however, emerged 
from the work reported by Africa and Carpenter (89). 
These authors found that the recovery of amino acid in 
the alkaline hydrolysis is a function of the amount of 
PTH- amino acid subjected to hydrolysis. For PTH-Asp, 
the recovery of aspartic acid was virtually nil at levels 
FIG, 2-15 
Thin layer chromatography on polyamide (A) and 
silica gel (B) of the three major products (a,b 
and c) resulted from the alkaline hydrolysis of 
DABTH-amino acids under the presence of oxygen. 
His the hydrolysed products. Sis the standard 
sample of DABTC-NH 2 . Mis the mixture of Hand S. 
The composition of solvent 8 is described in the 
MATERIALS section. 
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below 0.1 pmole/2ml in 0.1 N NaOH. They further dis-
covered that under an oxygen free system, the recovery 
was greatly improved. These results simply imply that 
trace amounts of oxygen which dissolved in the alkaline 
solution has played an important role on the hydrolysis 
by either destroying the constituent amino acids or 
converting the thiohydantoins into non-hydrolyzable 
compounds. 
The results obtained on the alkaline hydrolysis 
of DABTH-amino acids present clear evidence that 
destruction of amino acid thiohydantoins is via 
deamination leading to the major product DABTC-NH2 and 
keto acids (Fig. 2-16). The reaction obviously resulted 
from the oxidation of C-N bond to imine which was sub-
sequently hydrolyzed in the aqueous solution. Since the 
keto acids cannot be detected by the amino acid analyser, 
poor or nil results for amino acids were thus obtained 
after alkaline hydrolysis. The evidence is also 
supported by the fa-ct that addition of reducing agent 
(sodium dithionite) in the alkaline solution prevents 
the oxidative deamination reaction. 
The resistance of DABTH-Pro and DABTH-Hyp towards 
oxidation is probably because they are secondary cyclic 
amines, and oxidation of the C-N bond to form the imine 
cation would be much more difficult. 
This undesirable side reaction is very important 
to the current micro sequencing technique. Exclusion 
of oxygen or addition of a reducing agent are necessary 
to ensure high recoveries of amino acids if one wishes 
FIG. 2-16 
The oxidation-deamination reaction which lead to the 
destruction of amino acid residues during the alkaline 
hydrolysis of awino acid thiohydantoins. 
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to employ alkaline hydrolysis on a nano mole scale of 
DABTH- or PTH-amino acids. 
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2.2 . 8 N-Terminal Determination of Peptides and Proteins 
The proposed N-terminal determination method has 
been applied to peptides and proteins of varying sizes 
(some with M.W. up to 80,000) with known and unknown N-
terminals. There has been no difficulty in obtaining 
all the common amino acids (as DABTH-amino acids) from 
the N-terminals. Most N-terminal amino acids were ob-
tained as a single DABTH-derivative except for lysine 
(obtained from ribonuclease and lysozyme) which was ob-
tained as a-DABTH-(E-DABTC)-lysine (major) and a-DABTH-
lysine (minor). The recovery of acid labile residues 
(Trp, Asn and Gln) is one of the major advantages over 
the conventional DNS-Cl method. 
For the qualitative N-terminal determination of 
peptides, an alternative reaction condition employing 
triethylamine acetrc acid buffer mixed with DABITC 
solution in acetone was also used (see Chapter 3). This 
modified N-terminal determination method avoids the 
preparation of fresh DABITC solution (in pyridine) every 
day because DABITC is stable in acetone for several 
months. 
DANABITC was also used to complement the DABITC 
method for determination of N-terminals, assessment of 
peptide purity, and N-terminal maps of tryptic digests 
of proteins. 
This new N-terminal determination reagent was 
considered to be as sensitive as DNS-Cl but without 
damaging the acid-labile amino acids, without the 
necessity of examination under u.v. light, and with 
considerable time saving (about 3-4 h from coupling to 
t.l.c. identification). 
2.2.9 N-Terminal Maps of Peptide Mixtures 
The suggested N-terminal determination method 
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was tested on the tryptic digests of some small molecular 
weight proteins. The recovery of the N-terminals was 
performed according to the method described in Sec. 2.1.9 
and 2.1.11. Fig. 2-17 shows the schematic results of 
the N-terminals of tryptic digests of human and pig very 
low density lipoprotein C-II (M.W. ~ 9,000). The 
structural diversity of human and pig apo C-II could also 
be examined on their N-terminal maps obtained from 
enzymatic digests other than trypsin. The N-terminals 
liberated from human apo C-II tryptic digest is con-
sistent with its primary structure recently elucidated by 
Jackson et . al . (129). 
The quantitative N-terminal determination of 
tryptic digests of cytochrome C (horse) and glucagon is 
given in Table 2.9. An average recovery of 50-80 % of 
N-terminals (as DABTH-amino acids) was obtained. Those 
data were given without considering the fact of in-
complete cleavage of enzymatic digestion as well as 
other corrections (such as the existence of 2.5 % trypsin). 
From the recoveries of N-terminals of glucagon digest, 
it is found that only 37 % of the amide bond between Arg-
Ala (18-19 residue) was cleaved by trypsin. 
FIG, 2-17 
The N-terminal maps (developed on polyamide sheet) 
of tryptic digests of pig (A) and human (B) very 
low density lipoprotein C-II determined according 
to the method described in section 2.1.10. The 
areas of the DABTH-amino acids approximately repre-
sent their intensities. 
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TABLE 2-9 
Quantitative N-terminal analysis of peptide mixtures 
obtained from the tryptic digestion of gluca gon 
and horse cytochrome C 
N-terminal 
(DABTH-AA) 
DABTH-Ala 
DABTH-Tyr 
DABTH-Met 
DABTH-Glu 
DABTH-Thr 
DABTH-Asn 
DABTH-Gly 
DABTH-His 
DABTH-Arg 
DABTH-Ile 
a Glucagon (52 nrrole) 
Found Expectedb 
15.4 52 
41.5 52 
77.6d 
52 
52 
-
a Cytochrane C (15.5 nmole) 
Found Expectedb 
11.5 15.5 
10.0 15.5 
10.6 15.5 
15.5 31.0 
17.4 46.5 
12.0 15.5 
32.5 46.5 
C 15.5 
C 15.5 
a. obtained from the amino acid analysis as described 
in sec. 2. 1. 9 
b. the expected recoveries are based on the complete 
cleavage of tryptic digestion at every lysine and 
arginine bond 
c. not determined 
d. the DABTH-His and DABTH-Arg were not separated on 
polyamide sheets. 
The quantitative N-terminal mapping of peptide 
mixtures serve several purposes: 
(a) Like peptide mapping, it could be used to 
examine the structural diversity of proteins. 
43. 
(b) It could be used to check the losses of peptides 
after the chromatographic separation of peptide 
mixtures. 
(c) It could be used to advantage with studies of 
the specificity of enzymatic digestion. 
2.2.10 Reaction of DABITC with Amino Alcohols 
One of the promising chemical methods for the 
determination of carboxyl terminal of peptides and 
proteins is the reduction of proteins or esterified 
proteins, followed by the identification of the released 
amino alcohols after acid hydrolysis (130 - 134). Apart 
from some disadvantages during the reduction stage, the 
lack of a simple and sensitive method for identifying 
. 
the released amino alcohols accounts for part of the 
reason for not being widely accepted. The use of DABITC 
as a coloured reagent for identifying the amino alcohols 
is simple and sensitive. One of the major advantages 
of employing DABITC to identify the released amino 
alcohols from the C-terminal of peptides is that this 
reagent forms different coloured products with amino 
alcohols (blue) and amino acids (red). This property 
f cilitatcs the id e ntification of amino a l c oho ls in the 
hydrolyzate without prior separation from the excess 
amino acids. 
Fig. 2-18 shows the relative positions of the 
red coloured DABTH derivatives of glycine, alanine, 
tyrosine and histidine (open) to the blue coloured 
44. 
DABTC derivatives of glycinol, alaninol, tyrosinol and 
histidinol (solid). Two acid solutions which convert 
the DABTC-amino acids to their corresponding DABTH-amino 
acids were used to treat the DABTC-amino alcohols: 
(I) Treatment with 1 N HCl at 50°C for 2 h resulted 
in only partial destruction of the blue DABTC-
amino alcohols to the purple DABITC and greenish 
red DAAB (Fig. 2-18A) . 
(II) Treatment with H2 O/CH 3 COOH saturated with HCl (2:1, 
v/v) at 50°C for 45 min converted part of the 
blue DABTC-amino alcohols to another unidentified 
blue product which was probably the acetyl ester 
of the DABTC-amino alcohols (Fig. 2-18B). In both 
reactions, however, there were no additional red 
products g~nerated. 
A number of methods for the separation of amino 
alcohols or amino alcohol derivatives are available (130-
137). However, they all suffer from either low sensi-
tivities, tedious procedures or interferences from amino 
acids. The sensitivity of the proposed method is in the 
picomole range. There is no need to extract amino 
alcohols from the excess amino acid since they form 
different coloured derivatives with DABITC and in fact, 
those red DABTH-amino acids can be used as the markers 
to identify the blue DABTC-amino alcohols. The nature 
of the second blue product after the treatment of DABTC-
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FIG . 2-18 
(A) Two dimensional separation of red coloured (open) DABTH- amino acids and blue coloured 
(solid) DABTC- amino alcohols . The hatched spot is unchanged DABITC and the dotted area 
(F) is the hydrolysed product , DAAB . Solvents employed fo r the first and second 
dimensional separation are described in the MATERIALS section . 
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(B) The relative positions of the second blue products (denot~d by•) derived from DABTC-
amino alcohols after treatment with water/acetic acid saturated with HCl(l:2) . The 
nature of these second blue spots is not identified. However , they are believed to be 
the esterified derivatives between acetic acid and DABTC-amino alcohols. 
amino alcohols with H20/CH 3COOH saturated with HCl 
(1:2, v/v) was not identified. However, I believe 
that those second blue products were the esterified 
derivatives. They presented very similar t.l.c. 
behaviour to their original amino alcohol derivatives. 
Indeed, I prefer the acid treatment by H20/CH3COOH 
saturated with HCl, because the appearance of two blue 
spots facilitates their t.l.c. identification. 
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Although only four amino alcohols were illustrated, 
the results indicate that it is possible to achieve a 
complete separation of all the amino alcohols derived 
from their corresponding amino acids and demonstrate 
that DABITC could be a very suitable reagent for identify-
ing the amino alcohols during the C-terminal determination. 
CHAPTER 3 
SEQUENCE DETERMINATION OF PEPTIDES AND 
PROTEINS BY THE PITC-DARITC METHOD 
Composition analysis of peptides by the automatic 
amino acid analyser and their sequence determination by 
Edman degradation, either by automatic Edman degradation 
(84, 95), subtractive Edman degradation (138), manual Edman 
degradation with direct identification of PTH-amino acids 
(139) or manual Edman degradation plus the dansyl method 
(140), have been the most important and common techniques 
used in investigating the primary structure of proteins. 
4 6 . 
However, the high running expenses of the automatic sequencer, 
the insensitive and time-consuming nature of the subtractive 
method, the immaculate laboratory technique needed in the 
direct Edman method, and the extra work of positioning amide 
groups and the destruction of tryptophan in the dansyl-Edman 
method, justify the search for alternative tools which might 
overcome those problems. 
In this chapter, I will describe a novel method of 
peptide sequence analysis which include: (a) qualitative 
amino acid composition analysis by analyzing the reaction 
products of peptide hydrolyzates with DABITC; and (b) 
the amino acid sequence determination of peptides by the 
combined use of PITC and DABITC, i.e. PITC is used only as 
a degradation reagent and DABITC as the N-terminal deter-
mination reagent. On the t.l.c. this new N-terminal reagent 
gave brightly coloured DABTH-amino acids and showed the 
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following advantages: (a) the detection sensitivity is in 
the pmole range; (b) u.v. observation is not required; ( C) 
there is no destruction of acid-labile amino acids; (d) two 
dimensional t.l.c. separation is adequate to identify 24 
DABTH-amino acids, except leucine and isoleucine; ( e) the 
determination of a new N-terminal residue (from coupling to 
t.l.c. identification) takes only 3 h; (f) the colour 
difference between isothiocyanate, thiocarbamyl and thiohy-
dantoin derivatives facilitates the identification. 
The new method has been tested on a hexapeptide (Leu-
Trp-Met-Arg-Phe-Ala), insulin A chain and glucagon, and has 
been proven to possess several advantages that overcome most 
of the shortcomings encountered in the conventional methods. 
3.1 EXPERIMENTAL 
3.1.1 Qualitative Amino Acid Composition Analysis by 
DABITC 
Peptide (1 or 2 nmole) sealed in evacuated test 
--
tube (0.6 cm x 8 cm) containing 20 µl of 6 N HCl was 
hydrolyzed at 105° - 110°C for 22 h. HCl was then re-
moved in a vacuum desiccator over P 2 0 5 and NaOH pellets. 
Buffer 1 (20 µ1) was then added to the sample and re-
dried to ensure the complete removal of HCl. The dried 
sample was added with 40 µl of buffer 1 and treated with 
excess of DABITC dissolved in half volume (20 µ1) of 
acetone. The mixture was left at 50°C for 75 min; dried 
in a vacuum desiccator and then dissolved in 20 µl of 
water and 40 µl of acetic acid saturated with HCl. The 
The mixture was allowed to react at 50°C for 45 min in a 
sealed tube, dried again and dissolved in 50 µl of 
ethanol. About 1-2 µl samples were removed for t.l.c. 
identification. The molar ratio of reagent to sample 
should be about 3-4:1. Greater excess of reagent is 
likely to interfere with the t.l.c. identification; 
50 nmole of reagent is a satisfactory upper limit. 
3.1.2 Sequence Determination of Peptides and Proteins 
The procedures of PITC degradation were based 
on Gray's method (140) and summarized as follows: 
Insulin A chain or glucagon (200 nmole) placed in a 
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6 cm x 1.2 cm tube fitted with a Quick-fit glass stopper 
was dissolved in 200 µl of 50% aqueous pyridine, 5 µl 
was removed for the N-terminal determination, the rest 
was treated with 100 µl 10% PITC (in pyridine). The 
tube was flushed with N2 for a few seconds, sealed 
tightly with the glass stopper and placed in 50°C oven 
for 30 min, then the mixture was dried in a vacuum 
desiccator. To ensure the complete evaporation of PITC, 
the evacuated desiccator should remain in a 70°C oven 
for 15-20 min. The dried sample was treated with 100 µl 
of anhydrous trifluoroacetic acid, flushed with N2, 
sealed and placed in a 50°C oven for 10 min. The sample 
was dried in a vacuum again and taken up in 150 µl of 
water. Extraction of non-volatile by-products was per-
formed by mixing with 800 µl ethyl acetate 3 times on a 
vortex mixer and centrifuging in a benchtop centrifuge 
for a few min to separate the water and ethyl acetate 
phase. After the third portion of ethyl acetate extract 
was removed, the sample was dried in the desiccator 
and subjected to the next degradation cycle. 
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In order to compensate for the gradual decrease 
of peptides due to the removal of small portions at 
every degradation step, the reaction volume was reduced 
to 3/ 4 of the original after 7-8 cycles (i.e. 150 µl 
of 50% aqueous pyridine and 75 µl of PITC solution were 
added). However, the portions removed for N-terminal 
determination were still kept at 5-7 µl. After 14-15 
cycles, the amount was further reduced to½ of the 
original and the aliquots removed were raised to 10 µl. 
For the hexapeptide, the whole scale of reagents 
was reduced to¼ of that used with insulin A chain and 
glucagon, i.e. starting with 50 nmole peptide, but the 
portions removed were kept at 5-7 µl (7 nmole). 
For N-terminal determination, the removed aliquot 
(containing approximately 5 nmole of peptide) was placed 
in a 0.6 cm x 6 cm test tube and dried in vacuum, then 
dissolved in 40 µl of buffer 1 (pH 10.35) and mixed 
with 20 µl DABITC solution (2 nmole/µl in a~etone). The 
mixture was flushed with N2 , sealed with a rubber stopper, 
heated in a 50°C oven for 75 min, and then dried in the 
vacuum desiccator. Water (40 µ1) was added. The ex-
traction of excess DABITC was performed by mixing with 
one portion of 250 µl benzene, the purpose of this 
extraction is to eliminate the possible over-loading of 
the t.l.c. by DABITC when the N-terminal is found to be 
very weak and it is necessary to apply more of the sample 
to the sheet. For the small peptides, when there is 
danger of extracting DABTC-peptides into the benzene, 
this extraction should be avoided). After removal of 
benzene by a fine tip pipette , the sample was dried 
and taken up in 20 µl of water and 40 µl of acetic 
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acid saturated with HCl. The tube was flushed with N2 , 
sealed with a rubber stopper and left in a 50°C oven 
for 45 min. After the reaction period the sample was 
dried and redissolved in 25 µl of ethanol. About 0.25-
2 µl samples were applied on a polyamide sheet for t.l.c. 
identification. 
The total time for one degradation cycJe is 2.5 h; 
for one N-terminal determination is 3.5 h~ 
3.1.3 Thin Layer Chromatography of DABTH-Amino Acids 
on Polyamide Sheets 
Polyamide sheets, 2.5 cm x 2.5 cm, were used in 
both qualitative amino acid composition analysis and N-
terminal determination. The samples were carefully 
applied to the origin (about 6 mm x 6 mm from the edges 
of two adjacent ~ides), the diameter of the spot being 
confined to 1.0 mm by using a hair drier. Two-dimensional 
development in a 3 cm x 8 cm x 8 cm covered jar was 
performed by ascending solvent flow. No phase equili-
bration is necessary. Separation of DABTH-amino acids 
was developed by solvent 1 as the first dimensional 
separation and solvent 2 as the second dimensional 
separation. After the second dimension separation, the 
sheet was dried by warm air and exposed to HCl vapour, 
when all the spots turned from yellow to red, blue or 
purple . 
3,2 RESULTS 
3.2.1 Qualitative Amino Acid Composition Analysis 
by DABITC 
~he results of two dimensional separation of 
DABTH-amino acids was given in Chapter 2. Fig. 3-1 
gives the schematic representations of qualitative 
51. 
amino acid composition analysis of a hexapeptide (A), 
insulin A chain _(B) and glucagon (C) by DABITC. The 
results were in agreement with the known structures of 
these peptides. The recovery of tryptophan after 22 
hour hydrolysis was found to be high in both the hexa-
peptide and glucagon. The only amino acid residue which 
will produce multiple DABTH derivatives is lysine. This 
manual method is simple and sensitive and enables one 
to analyse five to ten peptides at the same time, so it 
would be very suitable for enzymatically digested 
fragments. The amount of starting peptides was 1-2 
nmole, but the actual amounts applied on the t.l.c. 
sheets were only 20-30 pmole. If care is taken, one can 
start with less than 0.1 nmole of peptide. 
3.2.2 Sequence Determination of Peptides and Proteins 
In my experiments, by this new me thod, I have 
been able to sequence the hexapeptide and the first 17 
residues of insulin A chain and glucagon without en-
countering major problems . Fig. 3-2 shows the results 
of the sequence determination of the hexapeptide. The 
blue by-products B, C, D, E, on the leucine and trypto-
phan sheets were too faint to be seen. It was found 
FIG, 3-1 
Schematic representations 
of qualitative amino acid 
composition analysis by 
treating the acid hydroly-
zates of hexapeptide (A), 
insulin A chain (B) and 
glucagon (C) with DABITC. 
The by-products A, B, C, 
D and E were blue colour, 
and F was greenish red. 
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Results of the sequence determination of hexapeptide by the method described in chapter 
3. The expected DABTH-amino acids. were denoted as blackened areas. Besides the blue 
by-products (A, B, C, D and E), no other contamination appeared. 
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from these six sheets that there were no incomplete 
degradations during the phenylisothiocyanate procedure 
and in every sheet, I found only one amino acid, i.e. 
except for the red by-product F, there was only one red 
spot which appeared on each sheet. No seventh residue 
of the hexapeptide was found. One should note the 
relative positions of phenylalanine and methionine to 
the blue by-product E. This major by-product was located 
at a most critical position and offers a quick dis-
crimination between almost all the DABTH-amino acids 
(see Sec. 2.2.2) by judging their relative angles and 
distances to E. Blue by-product C is also a very 
valuable marker which plays a role in distinguishing 
phenylalanine, methionine, valine, leucine and isoleucine, 
however, this by-product is always less strong than E. 
In the N-terminal determinations of hexapeptide 
degradation, I did not perform the benzene extraction 
after the coupling step. This extraction procedure was 
only applied on tpe N-terminal determinations of insulin 
A chain and glucagon since there was no problem in the 
extraction losses of DABTC peptides. 
After this extraction, most of the unchanged 
DABITC and part of the blue and red by-products A, B, 
C, D, E, F were removed. However, by-product Estill 
appeared in an amount just enough to be used as a marker. 
By-products, C,D,E, virtually disappeared (see Fig. 3-3). 
The first 17 residues of insulin A chain and 
glucagon were investigated. Of the 34 N-terminals being 
analyzed, 13 residues were found to be the sole N-
terminal on the sheet, the other residues were found to 
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be contaminated either by preceding or succeeding amino 
acids. Lysine (glucagon 12) was undetectable in the 
repeated experiments for reasons as yet unknown, as 
reported by Schroeder (139). However, in this step, 
minor amounts of tyrosine, serine and aspartic acid 
appeared instead of the expected DABTH-(s-PTC)-lysine 
which was supposed to be a red spot located near the 
DABTH-(s-DABTC)-lysine (see Fig. 3-1). Results are shown 
in Table 3-1, and Fig. 3-3 gives the schematic 
representations of the indicated residues observed on 
the polyamide sheets. It was found that although some 
expected N-terminals were contaminated by their 
neighbouring amino acids, they were always present as 
the major spots (Table 3-1). Even when some contaminants 
appeared as strong as the expected amino acids, the new 
residues can still be judged from their orders of 
appearance. For example, the detection of 9th amino acid 
of insulin A chain results in serine (major) and 
alanine (minor). The detection of the 10th amino acid 
of insulin A chain was found to be valine and serine 
(major) and alanine (trace), it could thus be deduced 
that the 10th amino acid of insulin A chain is valine. 
Some amino acids appeared much stronger than others, such 
as Gly, Phe, Asp, Tyr, and Leu, probably due to their 
higher recoveries. Glycine is a frequently detectable 
contaminant, despite the fact that it does not occur as 
the neighbouring amino acid of expected N-terminals (see 
Fig. 3-3 insulin 5 and insulin 17). 
Leucine and isoleucine could be distinguished as 
their DABTH derivatives on silica gel plates. 
TABLE 3-1 
The t.l.c. results of the first 17 amino acid residues of 
insulin A chain and glucagon determined according to the 
sequencing method described in Chapter 3. Among the 34 
residues 13 appeared on the polyamide sheet as the sole 
N-terminal residue without any contamination except those 
major by-products indicated in Fig. 3-1, 3-2 and 3-3. 
Insulin A chain Glucagon 
Expected Found Expected Found 
1 Gly Gly (only) 1 His His (only) 
2 Ile Ile (only) 2 Ser Ser (only) 
3 Val Val (only) 3 Gln a a Gln ,Gly 
4 Glu Glu (only) 4 Gly Gly (only) 
5 Gln a b Gln ,Glu 5 Thr a a c Thr ,Gly ,Phe 
6 Cya a b b Cya ,Glu ,Gln 6 Phe Phe (only) 
7 Cya Cya (only) 7 Thr a b Thr ,Phe 
8 Ala Ala (only) 8 Ser a b b Ser ,Asp ,Gly 
9 Ser a b Ser ,Ala 9 Asp Asp (only) 
10 Val a a c Val ,Ser ,Ala 10 Tyr a Tyr ,Asp b 
11 Cya a a -Cya ,Val ,Ser a 11 Ser a a Ser ,Tyr ,Asp C 
12 Ser Ser (only) 12 Lys 
13 Leu a Leu ,Ser b 13 Tyr Tyr (only) 
14 Tyr a C Tyr ,Leu 14 Leu a Leu ,Tyr a 
15 Gln a a Gln ,Tyr ,Leu b 15 Asp a b Asp ,Tyr ,Leu b 
16 a a a c 16 a a c Leu Leu ,Tyr ,Gln ,Gly Ser Ser ,Asp ,Gly' 
b C 17 Glu a a a Leu Glub 1 Leuc 1 Gly ,Tyr 
' a C C Ser ,Gln 17 Arg Arg ,Ser ,Asp 
a residues appeared (as DABTH-AA) as maJor spots 
b residues appeared (as DABTH-AA) as minor spots 
c residues appeared (as DABTH-AA) as trace spots 
FIG. 3-3 
Schematic chromatograms of DABTH-amino acids on polyamide 
sheets obtained at the indicated steps of sequencing 
insulin A chain and glucagon by the PITC-DABITC method 
described in chapter 3. The blackened areas were the 
expected DABTH-amino acids . The size of the areas 
approximately represents their amounts . The greenish 
red by-product (F, DAAB) and blue by-products (A, B , C , 
D and E) were also obtained . 
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3,3 DISCUSSION 
3 . 3.1 Thin Layer Chromatography of DABTH-Amino 
Acids on Polyamide Sheets 
The polyamide sheets have proved to be an 
excellent medium for identifying DABTH-amino acids 
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as these compounds give less diffuse spots on poly-
amide when compared to silica. The whiter background 
of polyamide is also an advantage. The diameters of 
the separated DABTH-amino acids were always found to 
be around 1 . 5 mm when the diameter of the.origin spot 
was limited to 1.0 mm. This origin spot limitation is 
a key factor in the procedure. 
It is recommended to use a 1 ~l micropipette 
with a fine , smooth tip to apply the samples to the 
origin of a 2.5 cm x 2.5 cm sheet, and confine to the 
diameter to within 1 mm. The nature of the solvent 
used to extract DABTH-amino acids for t.l.c. is important. 
Most nonpolar solvents such as acetone or benzene are 
more likely to produce a diffused origin spot on the 
polyamide sheet. We found that ethanol is a very suit-
able solvent due to its fast evaporation, and it produces 
compact spots. 
The amount of samples applied on the sheet should 
not be too great . For a 2.5 cm x 2.5 cm sheet, 20-50 
picomol is enough for DABTH-amino acids. Also, running 
the first dimension in solvent l is preferable, otherwise 
tailing will always be observed. 
The production of some blue (or bluish-purple) 
by-products is a very interesting aspect. As shown in 
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Figs. 3-1 , 3-2, 3-3, A, B, C, D, E (blue or bluish 
purple) and F (red) were the spots which always 
appeared. The appearance of those by-products was 
dependent on the content of triethylamine in the buffer. 
The blue by-product E was found to be DABTC-
diethylamine and greenish red by-prod~ct F was found to 
be DAAB, a hydrolyzed product of DABITC. On adoption 
of the triethylamine acetic acid buffer suggested by 
Sjoquist (141), the generation of those by-products was 
found to be very heavy and interfered with the t.l.c. 
separation of DABTH-amino acids, especially with DABTH-
Met. I therefore used the modified triethylamine 
acetic acid buffer (buffer 1) which generates by-products 
A, B, C, D, E, F only in amounts small enough to act 
as markers without interfering with the identification 
of DABTH-Met. Under these circumstances, it was found 
that the application of an authentic marker is un-
necessary (see Sec. 2.2.2) owing to the easily recognized 
position of every DA.ETH-amino acid resulting from both 
the satisfactory separation and the use of the blue by-
products as the reference points. 
The colour change between DABTC (blue) and DABTH 
(red) derivatives is believed to result from the inter-
action of thiocarbamoyl and thiohydantoin groups . in 
the resonance structures of 4-NN-dimethylaminoazobenzene 
ring after being exposed to the acid. This character 
provided quick discrimination against some contaminants 
caused by amines (blue). This has been demonstrated by 
reacting various aromatic and aliphatic amines with 
DABITC according to the N-terminal determination 
procedure. 
In the dansyl method, the maJor products of 
lysine and histidine as N-terminal residues are 
a-DNS-Lys and a-DNS-His or a-DNS-(s-PTC)-Lys. Those 
mono dansylated lysine or histidine derivatives are 
always mixed up with DNS-Arg on the two-dimensional 
separation, and this normally needs some extra solvents 
to resolve it (61). However, this problem was absent 
from the DABITC method. The separations between 
aspartic acid and glutamic acid and between serine and 
threonine were also clearer than those of the dansyl 
method when using only two solvents. 
3.3.2 Sequence Determination of Peptides and Proteins 
The automatic sequencer and the dansyl-Edman 
method are probably the most popular techniques among 
the conventional sequencing methods. Some researchers 
prefer the automat±c sequencer, partly because of 
unavoidable drawbacks in the dansyl-Edman method, 
especially the extra work of assigning amide positions 
and the non-detection of tryptophan. However, the 
high cost of the commercial sequencer has restricted it 
from being widely used, even the solid phase sequencer 
(95) which is considerably cheaper. The identification 
of the released N-terminal (after heating in the acid) 
either by gas chromatography (142), or thin layer 
chromatography (99, 100) actually makes the sequencer 
work only as a semi-automatic instrument. This new 
S6 . 
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manual method described here is simple, cheap, 
sensitive and accurate. In addition, to the advantages 
mentioned above, it is also able to overcome a draw-
back of the dansyl-Edman method, i.e. the destruction 
of tryptophan, glutamine, and asparagine because there 
is no acid hydrolysis step . 
Several points should be observed during the 
operation: 
(a) The pH value of the coupling mixture (with 
DABITC) is critically important. Som~ N-terminals 
can be missed if the pH value is not checked and 
adjusted before adding the isothiocyanate solution. 
The removed aliquots (for N-terminal determination) 
after being dried in the vacuum, are redissolved 
in triethylamine-acetic acid buffer (buffer 1) and 
about 0.2 µl was removed for pH checking on pH 
paper. This normally exhibits a pH value around 
8-9 on the paper despite its pH value being 9.65 
in the pH meter because of its volatile nature. 
If the apparent pH value on paper is below 7.5, 
redrying in vacuum should be performed. 
(b) Every drying should be very thorough. 
(c) Care must be taken not to remove any precipitates 
or particles at the interface of water/ethyl 
acetate or water-benz~ne during the extraction. 
(d) The cleaved DABTH-amino acids should be applied 
to t.l.c. as soon as possible after redissolving 
in ethanol, since in a few cases, poor results 
were obtained when kept overnight in solution. 
I have explored unifying the buffer used in 
both degradation and N-terminal determination steps, 
however, all the trials suggest that: 
(a) aqueous pyridine buffer is more suitable for 
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PITC degradation because of the higher recoveries 
found in the extended degradations; 
(b) triethylamine-acetic acid buffer is more suitable 
for N-terminal identifications because the 
pyridine-water buffer produces some valueless 
by-products instead of the blue markers produced 
when employing triethylamine-acetic acid buffer. 
The starting amounts of the hexapeptide was 50 
nmole, insulin A chain and glucagon were 200 nrnole. In 
fact, I estimate only 25-30 nmole of hexapeptide was 
totally removed for the six N-terminal determinations 
and only 100-130 nmole of insulin A chain and glucagon 
were removed (see method) for the first 17 amino acid 
determinations respectively. Furthermore, although 5-7 
nmole (based on the assumption that all the recoveries 
from PITC degradation are 100%) of shortened peptide 
was removed for the next N-terminal determination, only 
around 0.03-0.05 nmole was finally applied on the sheet 
for t.l.c. identification. That means, for every N-
terminal determination, we have the possibility of 
25-100 repeat determinations. 
It is feasible to reduce the whole scale down to 
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1/10 of the experiments described above, i.e. to 
determine 6 residues and 17 residues of peptides by 
using only 2.5-12 nmole materials respectively. Even 
under these circumstances, one still has enough material 
for 2-10 replicates. 
This new N-terminal reagent has been successfully 
exploited on tryptic digests of horse heart cytochrome 
C and of lipoproteins (with M.W. around 10,000). 
It should be noted that the 17th amino acid of 
insulin A chain (glutamic acid) and glucagon -(arginine) 
still comes out very distinctly, although there was 
substantial contamination by their preceding amino acids. 
It is not possible to completely predict the amount of 
starting material needed, or the number of cycles one 
can go through as this will depend both on the nature 
of the starting material and the skill of the operator. 
The purity of chemicals, cleanliness of glassware, 
patience, care as well as experience are all important 
factors. According~ to the method described, we have been 
able to achieve 12 residue determinations per day by 
starting with 4 peptides at the same time. 
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CHAPTER 4 
SEQUENCE DETERMINATION OF PEPTIDES 
AND PROTEir~s BY THE DIRECT DABITC DEGRADATIO~l 
The use of PITC (Edman reagent) as a stepwise 
degradation reagent for amino acids from peptides or 
proteins has been one of the most useful methods of amino 
acid sequence determination (35, 84, 95). Although several 
new reagents (24-27, 143, 144) and new techniques · (145-149) 
have been developed, none is in widespread use to date. 
The introduction of the modified Edman reagent, 
DABITC , is an attractive one. The highly coloured DABITC 
and the colour change between its thiocarbamyl and 
thiohydantoin derivatives would enable the identification 
of the released N-terminal amino acids (as DABTH derivatives) 
to be carried out in a more sensitive and simple way than 
that of the conventional PITC method. 
In this chapter, I will therefore describe the 
application of DABITC as a possible stepwise degradation 
reagent for the sequence determination of peptides and 
proteins. A manual micro-sequencing method based on the 
chosen optimum conditions (see Chapter 2) is proposed and 
tested on the sequence analysis of a hexapeptide (Leu-Trp-
Met-Arg-Phe-Ala), bradykinin, glucagon and native lysozyme. 
The DABTZ-amino acids that were released, after conversion 
into their DABTH-amino acids we re identified by t.l.c. on 
polyamide sheets or silica gel plates. This new method is 
simple and sensitive, and requires only 2-10 nmol e of 
peptides or proteins for extended sequence analysis. 
Results show that the proposed procedure is a sensitive 
method for the sequence determination of short peptides 
as well as for the partial sequence determination of intact 
proteins. 
4.1 EXPERIMENTAL 
4.1.1 Sequence Determination of Peptides and Proteins 
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Peptides (10 nmole), placed in an acid-washed 
tube (0.6 cm internal diam. x 5 cm) fitted with a 
Quickfit glass stopper, were dissolved in 60 µl of aq. 
50% (v/v) pyridine and treated with 30 µl of DABITC 
solution (10 nmole/µl in pyridine, i.e. 2.82 mg/ml , 
freshly prepared every day). The tube was flushed with 
N2 for 30 s, sealed tightly with the glass stopper and 
the joint was wrapped with paraffin film. The tube was 
placed in a water bath at 75° for 1.5 hand was shaken 
occasionally. After the reaction, the excess of 
reagent and hydrolyzed by-products (DAAB) were removed 
by mixing the reaction mixture with two portions of 0.5 
ml of heptane/ethyl acetate (2:1, v/v) on a vortex 
mixer and centrifuging. The organic phase was removed 
with a fine pipette and discarded. Care must be taken 
not to remove any of the yellow orange precipitates 
located at the interface. After the removal of the 
second extract , the mixture wa s evaporated in a high 
vacuum. The dried residue was dissolved in 50 µl of 
anhydrous TFA, flushed with N2 , sealed with a glass 
stopper and heated in an oven at 50°C for 15 min. 
The sample was evaporated in a vacuum desiccator and 
dissolved in 50 µl of water. Extraction of the cleaved 
DABTZ-amino acids was performed by mixing with two 
portions of 300µ1 of diethyl ether on a vortex mixer 
and centrifuging. A third volume of 500 µl of ether 
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was used to wash the aqueous phase and discarded. The 
sample was evaporated in a desiccator and subjected to 
the next degradation cycle. One cycle takes about 3.5 h. 
The first two portions of ether extract (600 µ1) 
were evaporated and the residue was dissoived in water 
(20 µ1) and acetic acid saturated with HCl (40 µ1). 
Conversion of DABTZ-amino acid into DABTH-amino acids 
was carried out in a 50°C oven for 45 min. The sample 
was dried and redissolved in a suitable amount of 
ethanol for identification by t.l.c. 
For a single peptide, two degradations (including 
the t.l.c. identifications) could be achieved in one 
working day. Howev~r, one should be able to handle 
four to six peptides simultaneously. 
4~1.2 Thin Layer Chromatography of DABTH-Arnino Acids 
on Polyamide Sheets 
The technique and procedure for identifying the 
unknown DABTH-amino acids by t.l.c. on the micro-scale 
were ssentially the same as those described in Chapter 
2 and Chapter 3. A synthetic blue marker (E), which 
was prepared by the reaction of DABITC with diethylamine, 
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was applied on the same side of the polyamide sheet. 
This applied marker together with the unextracted 
DABITC and DAAB were used to help the identification of 
unknown compounds (Fig. 2-8b). 
4. 2 RE SU LTS 
Table 4-1 shows the results of sequence analysis of 
some peptides and proteins with known structures by the 
proposed sequencing method . The amino acid sequence of the 
hexapeptide and bradykinin was unambiguously d~termined, 
although there was some overlapping of residue 6,8 and 9 of 
bradykinin by the preceding residues. The amino acid 
sequence of the first 15 residues of glucagon and lysozyme 
were analysed and some difficulties were encountered. The 
recovery of residue 8 of glucagon (serine) was extremely 
small, and residue 11 of glucagon (serine) was actually 
undetectable. Gaps also appeared at residue 12 of glucagon 
(lysine) and residue 13 of lysozyme (lysine). Only the first 
ten residues of glucagon (except residue 8) and the first 
12 residues of lysozyme (except residue 6) could be 
adequately confirmed. The recoveries of residues beyond these 
were too low to be established confidently when starting with 
only 10 nmole of materials. From the portions of ethanol 
extracts used for the t.l.c. identification (see Table 4-1), 
it is reasonable to predict that the whole sc a l e o f the 
describe d s e quencing method could be decrea s e d to one- tenth 
of the original volume . In f a ct , I have tri e d the method on 
the seque nce analysis of only 2 nmole of the hexapeptide and 
TP.Bl.E 4-1 
T.l.c. results of the sequence determination of I 0nmol each of the hexapeptide, bradykinin, and the first 15 residues 
of glucagon and native lysozyme by the sequencing method described in the text 
The portions of the ethanol extracts applied for t.l.c. identifications is indicated (1/x). 
Hcxapcptide Bradykinin 
Expected 1/x Found Expected 1/x Found 
l Leu l / 150 Lcu/ Jle(only) I Arg 1/ l 00 Arg( major), Pro( trace) 
2 Trp 1/ 100 Trp(only) 2 Pro 1/l 00 Pro(major), Gly(trace) 
3 Met 1/ 100 Met(only) 3 Pro 1/ 100 Pro(only) 
4 Arg 1/ 100 Arg(only) 4 Gly 1/ 100 Gly(only) 
5 Phe 1/ 100 Phe(only) 5 Phe 1/ 100 Phe(major), Gly(trace) 
6 Ala 1/50 Ala(only) 6 Ser 1/50 Ser(major), Phe(minor) 
7 None 1/50 None 7 Pro 1/50 Pro(only) 
8 Phe 1/50 Phe(major), Pro(minor) 
9 Arg 1/50 Arg(major), Phe(minor) 
10 None 1/50 Arg(trace) 
Glucagon Lysozyme 
Expected 1/x Found Expected 1/x Found 
l His 1/75 His(only) 1 Lys 1 /50 Bis-Lyst(only) 
2 Ser 1/50 Ser(only) 2 Val 1/50 Val(only) 
3 Gin 1/50 Gln(only) 3 Phe 1/50 Phe(major), Val(trace) 
4 Gly 1/50 Gly(only) 4 Gly 1/50 Gly(only) 
5 Thr 1/50 Thr(major), Gly(minor) 5 Arg 1/50 Arg and Gly(equal) 
6 Phe I / 50 Phc(only) .- 6 Cys 1/50 Arg and Gly(tracc) 
7 Thr 1/50 Thr and Phe(equal) 7 Glu 1/25 Glu(major), Gly(minor) 
8 Ser* 1/25 Ser, Thr and Phe 8 Leu 1/25 Leu/ lie and Glu(equal) 
9 Asp I /50 Asp(only) 9 Ala 1/25 Ala(major), Leu/Ile(trace) 
10 Tyr 1/25 Tyr and Asp(equal) 10 Ala 1/25 Ala(only) 
1 I Sed 1/25 Tyr(trace) 1 I Ala 1/25 Ala(only) 
12 Lys·~ 1/25 None 12 Met 1/25 Met and Ala(equal) 
13 Tyr* I /l 5 Tyr(only) 13 Lyst 1/25 None 
14 Leu* 1/15 Leu/ Jle(major), Tyr and Asp(minor) 14 Arg* 1 /15 Arg and Ala(equal) 
15 Asp* I /15 Asp and Leu/ lle(equal) 15 His 1 I 15 His(major), Arg(minor) 
* Appeared in comparably weak intensities. 
t Undetectable. 
t 4-NN-dimethylaminoazobenzene-4'-thiohydantoin-(c-4-NN-dimcthylaminoazobenzene-4'-thiocarbamoyl)-L-lysine. 
bradykinin and the same results as those described in 
Table 4-1 were obtained. 
4.3 DISCUSSION 
The major pathway to form DABTH-amino acids by reaction 
of DABITC with N-terminal amino acids of peptides is shown 
in Fig. 4-1. The isothiocyanate group reacts with nucleo-
philes such as water to form thiocarbamic acid which is 
subsequently decomposed to give the respective amine ; or 
with the amino group of N-terminal amino acid of the peptide 
to form the thiocarbamyl derivative. The thiocarbamyl 
derivative could be cyclized to give the relatively stable 
thiohydantoin in the aqueous acid solution (direct method). 
The cyclization could also proceed via the thiazolinone 
derivative (DABTZ) in anhydrous acid (such as TFA) and then 
isomerize to thiohydantoin derivative in the aqueous acid 
media under a separate reaction (indirect method). The 
isolation and characterization of DABTZ derivatives in pure 
. 
form has been difficult due to their instability. Part of 
the DABTZ derivatives could be isomerized to the DABTH 
derivatives even under trace amounts of water. 
In the single N-terminal determination, straight 
cyclization to form thiohydantoin derivative in the aqueous 
acid solution is recommended (see Sec. 2.1.9). In the 
consecutive N-terminal degradation of peptide, the cleavage 
is normally carried out in anhydrous TFA to prevent the amide 
bonds from hydrolysis. 
Compared with the PITC degradation, rather drastic 
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FIG, 4-1 
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+ H7~o 
DABTZ-AA (Blue) 
CH -~  N=N ~ NH 
CH3 \=:J \.=J 2 
DAAB ( Red) 
DABTH-AA (Red) 
The pathway of formation of DABTH-amino acids by reaction 
of DABITC with amino acids or N-terminal amino acids of 
peptides. The colour of the derivatives appeared on the 
polyamide t.l.c. after exposure to HCl vapour. 
conditions (i.e. 75°C for 1 . 5 h) were found to be necessary 
for the quantitative coupling between DABITC and N-terminal 
amino acids. Hydrolysis of DABITC to form DAAB was nearly 
75% under the proposed coupling condition (see Sec. 2.2.6). 
The solvents used for the extractions of by-products 
and released thiazolinone derivatives, after coupling and 
cleavage reactions respectively, are the crucial problems 
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for the sequence determination of short non-polar peptides. 
Benzene, which has been commonly used for the extraction of 
excess of reagent and by-products after the coupling reaction 
in the conventional PITC method, was found to extract at least 
90% of the DABTC derivatives of most non-polar amino acids 
and dipeptides from the coupling mixture (i.e. aq. 67% 
pyridine ). However, the solvent heptane/ethyl acetate (2:1, 
v/v), suggested by Tarr (106), would extract at most 15-20% 
(see Table 2-8) of the same DABTC derivatives from the aqueous 
phase. Diethyl ether was also found to be a better solvent 
than ethyl acetate to retain the non-polar peptides in the 
aqueous phase during the ~extraction of DABTZ derivatives after 
the cleavage reactions. 
There has been a growing demand for a high sensitivity 
sequencing method because purification of most proteins to 
obtain milligram scale is extremely laborious and time con-
suming. Certain proteins such as tumor antigens and hormones 
can be purified in only very small amounts. Some modified 
Edman methods employing radioactive PITC (120, 150), radio-
active protein (151) or synthetic carriers (152, 153) in 
conjunction with automatic sequencer require only 0.1-10 
nmole of protein for sequence determination. However, these 
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methods do not exclude the use of expensive equipment . 
Studies on the improvement of dansyl-Edman method (93, 154) 
also make the sequence determination of 1-10 nmole of protein 
possible , but cannot overcome the intrinsic disadvantage of 
destroying tryptophan, glutamine and asparagine. 
The proposed direct DABITC degradation is simple and 
sensitive . This new method requires only 2-10 nmole of 
proteins as the starting materials and needs no isotope 
reagent or special instrumentations except a high vacuum pump, 
benchtop centrifuge, vortex mixer and nitrogen ta~k, which 
are all common facilities in biochemical laboratories. 
The successful application of the direct DABITC 
degradation method appears to promise a simplification of 
peptide separation which is one of the tedious procedures 
during the sequence determination of proteins. The enzy-
matically digested peptide mixture is allowed to react with 
DABITC before chromatographic separation. The DABTC 
labelled peptides could then be separated by some suitable 
chromatographic method without the need of detecting the 
peptides by u.v. absorption or reaction with ninhydrin, 
fluorescamine or o-phthalaldehyde. The separated coloured 
DABTC-peptides would then be subject to the sequence analysis 
directly. I have examined this idea on a tryptic digest of 
glucagon (only three peptides). The three blue coloured 
DABTC-peptide bands, after being separated and recovered from 
silica gel, were subjected to acid cleavage and then the 
direct DABITC method . However, only the first residues were 
obtained. This could possibly be due to the interference of 
silica with D~BTC-peptidcs and explor0tion on t h e other chroma-
tographic separation might be able to overcome it. 
l 
-
Despite the above mentioned advantages, there is a 
problem of extremely low recoveries of DABTH-S er , DABTH-
Thr and DABTH-Gln (see Table 4-1) although these residues 
appeared to be degraded normally. Laursen in his solid 
67 . 
phase Edman degradation (95) pointed out that the destruction 
of PTH-Ser resulted from dehydration of the serine side 
chain. I wish to add here that dehydration of the . serine 
side chain could nbt be the only reason to account for the 
destruction of DABTH-Ser (or PTH-Ser) as I do not find any 
other noticeable extra red spot (dehydrated DABTH-Ser) during 
its t.l.c. identification. 
It is also interesting to point out that the recoveries 
of the glucagon serine residues, which were obtained by 
the PITC-DABITC method (Chapter 3), were much more satis-
factory than those obtained from the direct DABITC method. 
Apparently, the destruction of serine residues mainly 
occurred only when it was cyclized from the N-terminal as 
the DABTZ derivatives by anhydrous TFA. 
be further studied in Chapter 6. 
This problem will 
CHAPTER 5 
SOLID PHASE SEQUENCE DETERMINATION OF 
PEPTIDES AND PROTEINS BY THE DIRECT DABITC·DEGRADATION 
The use of the modified Edman reagent, DABITC, in the 
stepwise degradation of peptides and proteins has provided 
a useful method for sequence determination (Chapter 2 and 
Chapter 3). Released N-terminal amino acids are identified 
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as DABTH derivatives directly by t.l.c. on a polyamide sheet, 
the intense colour of the amino acid derivatives allowing 
detection in sub-nmole quantities. Low repetitive yields 
due to extraction losses and time consuming operations at 
each drying step have reduced both sensitivity and efficiency 
of the manual sequencing work. However, the solid phase 
degradation of Laursen (95, 119) whereby peptides are attached 
covalently to an insoluble support, eliminates extraction 
losses and greatly shortens the time needed for the drying of 
residues after the extractions. 
In this Chapter, I will describe the application of 
DABITC degradation on the sequence determination of proteins 
which are attached on to glass beads. One size of Corning 
controlled porosity glass beads (CPG-250, pore diameter 
250 A0 ) was used throughout the study as these glass beads 
showed the greatest rigidity among CPG-100, CPG-250 and 
GPG-2500. A manual solid phase degradation procedure using 
DABITC has been developed. The N-terminal sequence of native 
lysozyme (first 19 residues) and glucagon (first 10 residues) 
attached to controlled porosity glass beads activated by 
DITC have been obtained. Reduced histidinol dehydrogenase 
(Mw. 40,000) from Salmonella typhimurium , of hitherto 
unknown sequence has been attached via cysteine residues to 
an iodoacetamide derivative of controlled porosity glass 
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beads and the first eight amino acid residues were determined. 
This new solid phase sequencing method is sensitive 
and efficient, requiring practically, 2-10 nmole of protein 
as the starting material. Each cycle of degradation takes 
approximately 130-140 min., needs no expensive equipment and 
thus should provide a general method for manual sequence 
determination. 
5.1 EXPERIMENTAL 
5.1.1 Preparation of Solid Support (Amino Glass) 
The glass beads (CPG-250) were immersed in a 2;5% 
solution of 3-aminopropyltriethoxysilane in acetone. 
Excess liquid was decanted off and the beads allowed to 
stand at 45°C - 50°C for 24 h (155). After the reaction, 
the glass beads were washed extensively with large 
volumes of acetone and methanol and then dried in vacuo. 
This direct polymerization produced beads containing 
at least 140 µmoles NH2/ g support (see Sec. 5.1.4), and 
was used in preparing the derivatives described in this 
Chapter~ 
5.1~2 Preparation of DITC Activated Glass Beads 
The amino glass (200 mg) was stirred with 180 mg 
7 0. 
of DITC in 4 ml of dimethylformamide at room temperature 
for 30 min - 45 min. The DITC-glass bead was removed 
from the excess of reagent by filtration, washed with 
several volumes of dimethylformamdie followed by methanol, 
and then dried in vacuo. 
stored at -20°C. 
Activated glass beads were 
5.1~3 Attachment of Proteins to the DITC Activated 
Glass Beads (Fig. 5-2) 
The protein was attached to the nrrc-glass beads 
(about 1 nmole protein/mg glass beads) through lysine 
residues under the conditions of: 
(a) 0.4 M NN-dimethylallylamine (Pierce) buffer in 
pyridine/water (3:2, v/v) buffered to pH 9.4 with 
trifluoroacetic acid; room temperature 45 min; 
with or without the presence of 1% SDS. 
(b) 0.2 M sodium bicarbonate aqueous solution buffered 
to pH 8.7 with 1 N NaOH; room temperature 45 min; 
with or without the presence of 1 % SDS. 
After the coupling reaction, the excess isothio-
cyanate groups were blocked by ethanolamine and the N-
terminal residue which also attached onto the glass 
support was cleaved by trifluoroacetic acid (95). The 
protein attached glass support was washed extensively with 
1 HCl, water and acetone and then subjected to amino 
acid analysis or sequence determination. 
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5.1.4 Preparation of Iodoacetamide Activated 
Glass Beads 
Amino glass (600 mg) was suspended in a solution 
of ethyl acetate (4 ml) containing iodoacetic acid (90 
mg) and dicyclohexylcarbodiimide (100 mg) and stirred 
gently at room temperature for 2 h. The derivatized 
glass beads were then filtered and washed with large 
volumes of water and acetone. Excess solvent was removed 
. 
~n vacuo. The dried activated glass beads were stored 
in the dark at -20°C. 
Quantitation of the functional iodoacetamide 
groups on the glass beads was achieved by stirring the 
iodoacetic acid activated glass beads with excess of 
reduced glutathione in tris buffer, pH 8.25/ethanol 
(2:1, v/v) at room temperature for 1 h. The mixture was 
washed with large volumes of water, 1 N HCl, tris HCl 
buffer and acetone and dried in vacuo. After acid 
hydrolysis, the released glutamic acid, glycine and 
carboxymethylcysteine were measured in a Beckman 120C 
amino acid analyser. About 0.14 mmole of iodoacetamide 
per gram of glass beads was obtained. 
5.1.5 Attachment of Proteins to the Iodoacetamide 
Activated Glass Beads (Fig. 5-2) 
Reduced enzyme (250 nmole), dissolved in 0.4M 
tris/HCl buffer (1.5 ml, pH 8.25) containing BM urea and 
2mM EDTA, was stirred under nitrogen and in the dark 
with 200 mg of iodoacetamide derivatized glass beads. 
The reaction was carried out for 30 min at room temp-
erature and then the excess iodoacetamide groups were 
reacted with mercaptoethanol (20 µ1). The mixture was 
allowed to stand for an additional 30 min and then 
washed alternatively with BM urea tris buffer, 50% aq. 
pyridine and water. Excess solvent was removed &n 
vacuo overnight. The efficiencies of coupling, calcu-
lated from amino acid analysis are listed in Table 5-1. 
5.1.6 Preparation of Diazotized Glass Beads · (Fig. 5-1) 
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Amino glass (1 g) was stirred with p-nitrobenzoic 
acid (55 mg) and dicyclohexylcarbodiimide (60 mg) in 
25 ml of ethyl acetate at room temperature for 2 h. About 
0.18 mmole of p-nitrobenzoic acid was attached covalently 
to the glass beads (1 g) as estimated by the decrease of 
absorption at 255 nm of p-nitrobenzoic acid in the 
solution. The derivatized glass support, after washing 
with excess acetone and drying, was suspended in 0.5 M 
soidum bicarbonate (30 ml) containing 0.2 M sodium dithio-
nite, at 50°C for 1 h, to reduce the nitro groups to 
amino groups. After reduction, the glass beads were 
washed with excess water and acetone, dried and stored 
at -20°C. The diazotization of the glass beads was 
freshly prepared before each coupling according to the 
following procedure: support (40 mg) was diazotized in 
1 N HCl (1 ml) and 0.2 M NaNO 2 (1 ml, added slowly) in 
an ice bath for 15 min. The diazotized glass support 
was washed with 0.2 M NaHCO3-NaOH buffer (pH 8.7) until 
the washing solution became alkaline and then used for 
coupling with proteins. 
5.1.7 Attachment of Proteins to the Daizotized 
Glass Beads (Fig. 5-1, Fig. 5-2) 
Protein (40 nmole) was coupled to the diazotised 
glass beads (40 mg, prepared according to Sec. 5.1.6) 
in 1.6 ml of 0.2 M NaHC0 3 -NaOH buffer (pH 8.7) at 5°C 
for 8 h. After the coupling, the supernatant was re-
moved by gentle centrifugation. 1 N HCl (1.6 ml) and 
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NN-dimethylaniline (40 µ1) were subsequently added and 
stirred for another 2 h to block the excess diazo groups. 
The supernatant was removed after the reaction period 
and the protein attached glass beads were washed 
extensively with 1 N HCl, water and acetone and then 
subjected to amino acid or sequence analysis. 
5.1.8 Sequence Determination of Proteins Attached on 
the Glass Beads 
The protein attached glass beads (10 nmole on 
10 mg support) was placed in an acid washed tube, 1 cm 
(i.d.) x 5 cm fitted with a Quickfit glass stopper and 
containing a \ " magnetic stirring bar. The following 
degradation cycle was performed: 
(a) Add 400 µ l aq. 50 % pyridine and 200 µ l of DABITC 
solution (10 nmol e /ml in pyridine , f re shl y 
prepared). 
(b) Flush with N2 , 30s. Seal tightly with the glass 
.l. 
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FIG, 5-1 
Preparation of diazotized glass beads (CPG-250) and 
its coupling to proteins through tyrosine and histidine 
residues. 
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FIG, 5-2 
Coupling of proteins to the solid support using (A) DITC 
activated glass beads, (B) iodoacetamide activated glass 
beads and (C) diazotized glass beads, and blocking of the 
excess functional groups. 
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stopper and place in a water bath (53-54°C) 
over magnetic stirrer for 1.5 h. 
(c) Remove supernatant by gentle centrifuging, wash 
the glass beads with pyridine (2 x 3 ml) and 
methanol (2 x 3 ml) and then dry . &n vacuo. 
(d) Add 150 µl trifluoroacetic acid, flush with N2 , 
stopper and then incubate in the waterbath (53-
540C) over a magnetic stirrer for 10 min. 
(e) Evaporate TFA in vacuo, extract the cleaved 
thiazolinone derivatives with 0.3 ml methanol. 
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(f) Wash the glass beads with 3 ml methanol, dry in 
vacuo (10 min) and then subject to the next cycle. 
The thiazolinone extract obtained from (e) was 
dried in vacuo and treated with H2 0 (20 µ1) and acetic 
acid saturated with HCl (40 µ1). The mixture was incubated 
in a separate waterbath or oven at 50-53°C for 45 min. 
After the reaction, the acid was dried thoroughly &n vacuo 
and redissolved in 10-100 µl of ethanol for t.l.c. 
identification. 
5.1~9 Quantitative Analysis of DABTH-Amino Acids 
Recovered from T.L.C. 
The technique for identification of DABTH-amino 
acids by t.l.c. on a micro scale were essentially the 
same as those described in Chapter 3 and Chapter 4. In 
the case when only one DABTH-amino acid appeared (such 
as residue 2, 3, 11 of lysozyme), the yield could be 
determined by measurement of the optical density of a 
l 
l 
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solution of the residue in ethanol ( E ) about 3.4 x 10 4 ). 
max 
When the expected residue was contaminated by overlapping, 
it could be separated from the contaminating residues by 
t.l.c. according to those methods described in Sec. 2.1.11. 
5,2 RESULTS AND DISCUSSION 
5.2.1 Coupling of Proteins to the Glass Beads 
The solid phase sequencing method which was 
originally designed by Laursen (95) for the sequence 
determination of peptides has now been applied to the 
investigation of partial sequences of intact proteins. 
By either automatic or manual degradations, N-terminal 
sequences of up to 15-35 residues of intact proteins 
have been obtained (120, 156). Although the solid phase 
method requires the extra work of attaching proteins to 
the solid support, it eliminates extraction losses and 
accumulative background. Also, considerable time was 
saved when employing a manual degradation because of 
the fast drying of the washed solid support. 
As the coupling of proteins to the solid support 
is of prime importance during solid phase sequencing, it 
is necessary to have a simple (needs no prior chemical 
modification of the protein) and efficient (high yield 
and less side reaction) coupling method. Among the 
conventional techniques, the DITC attachment procedure 
(126) is the best to meet those requirements. However, 
this method resulted in extremely poor yields when 
applied to the coupling of reduced carboxymethy lated 
histidinol dehydrogenase and glucagon according to the 
1 
methods described by Bridgen (120). I first resolved 
this problem by attaching the reduced histidinol 
dehydrogenase to the iodoacetamide activated glass 
beads in 8 M urea aqueous solution and found the yield 
was over 80%, This success justified the necessity of 
developing methods which would allow the coupling 
reaction to proceed under aqueous condition. 
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Table 5-1 gives the coupling efficiencies of five 
different proteins under different coupling conditions. 
In the DITC coupling procedure, with the exception of 
lysozyme and ribonuclease, remarkable increases in the 
coupling efficiencies were generally found when coupling 
was performed in the aqueous solution. Satisfactory 
yields were also obtained for all the proteins coupled 
to the iodoacetamide activated or diazotized glass beads 
in the aqueous solution. 
The order of attaching DITC to both protein and 
solid support has been controversial. I prefer the 
attachment of DITC initially to the solid support because, 
apart from the simplicity (large amounts of DITC-solid 
support can be prepared for ready use), of the instability 
of the aromatic isothiocyanate group in alkaline solution. 
Under the coupling conditions suggested by Cavadore et 
al . (124), I found that about 20 % of the isothiocyanate 
groups of DABITC were hydrolyzed to amino groups. This 
indicates that there is a distinct possibility that 20% 
of the isothiocyanate groups of DITC which would be 
attached onto the lysine residues of the protein, could 
be hydrolyzed if DITC was attached to the protein in the 
L 
TABLE 5-1 
Coupling efficiencies of proteins to the glass support 
through different activated arms under the conditions 
specified 
Protein 
Histidinol 
dehydrogenase 
Ribonuclease 
Lysozyme 
Glucagon 
Albumin 
DITC in 
pyridine/H2O 
buffer 
7 oa 'a 
14%ab 
82%d 
84%bd 
92%d 
23% 
23%ab 
DITC in 
NaHCO3 
buffer 
47%ab 
96%d 
100%bd 
92%d 
74% 
34%ab 
a carboxylmethylated protein 
+ . 
-N in 
NaHCO3 
buffer 
49%d 
70%d 
50% 
-CH2I in 
tris buffer 
8 M urea 
89%c 
78%c 
b in the presence of 1% sodium dodecyl sulfate 
c reduced protein (lyophilised) 
d native protein 
l 
... 
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alkaline solution first. The attachment of DITC to 
the solid support is, however, performed in non-
aqueous media (DMF) which would be expected to preserve 
most of the isothiocyanate groups in an active form. 
The attachment of proteins to the diazotized 
glass beads should result in the formation of covalent 
bonds between diazo groups and side chains of tyrosine, 
histidine and lysine. However, the daizo amino bond 
formed between lysine and the solid support is not stable. 
The treatment with NN-dimethylaniline in strong acid 
solution would be expected to release the free lysine 
side chain. Under the proposed coupling scheme, the 
modification of tyrosine and histidine is by no means 
quantitative~ From the amino acid analysis, the modified 
tyrosine was found to be less than 30-35% for the proteins 
coupled to the diazotized glass beads. By hydrolyzing 
a sample of Leu-Tyr attached to diazotized glass beads, 
the modified tyrosine (presumably aminated tyrosine) 
could be detected on the Beckman PA-35 column (column 
--
length, 14.5 cm; column temperature 52°C; sodium citrate 
buffer, pH 3.25; elution time: 8 5 min) . 
The attachment of reduced protein to the iodo-
acetamide activated glass support is probably the most 
useful technique in terms of yield. Since most proteins 
have to be denatured before the sequence determination can 
be commenced, it is irrelevant to regard the reduction 
and lyophilization as extra work. The coupling was per-
formed in 8 M urea aqueous solution which would be 
expected to dissolve most intractable proteins. Moreover, 
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the attachment was found to be specific for cysteine 
only, the histidine and lysine residues wer e recove r e d 
quantitatively after acid hydrolysis. Methionine residues 
could be identified during sequence determination without 
difficulty. 
5.2.2 Sequence Determination of Proteins Attached on 
the Glass Beads 
Fig. 5-3 shows the t.l.c. results of the first 19 
amino acid residues of native lysozyrne (attached V &a 
lysine to the DITC activated glass beads) by the proposed 
sequencing method. It is apparent that overlapping is 
unavoidable. Although the expected residues appeared 
as the only or maJor spots on t.l.c. at the first 11 
residues, they could appear as the minor spots after 
the 11th residue because of the heavy overlapping by 
their preceding residues. It is, therefore, important 
to notice the newly appearing spots when the heavy 
overlapping starts. According to this principle, one 
would be able to assign tentatively that the sequence 
of lysozyme from 16-19 is Gly-Leu/Ile-Asp-Asn. No 
improvements were obtained by either elevating the 
coupling temperature to 75° or by the use of aqueous 
pyridine buffer containing dimethylallylamine/trifluoro-
acetic acid, pH 9.5. 
Only the yield of the first 12 residues of 
lysozyme are presented (Fig. 5-4). The presence of 
multiple spots and the unexpected retention of the excess 
reagent beyond those residues, make it difficult to 
separate and quantitate the individual residues. It 
--
FIG, 5-3 
Schematic chromatograms of DABTH-amino acids (solid, 
red colour) on polyamide sheets obtained from the 
sequencing of native lysozyme attached to the DITC 
activated glass beads. The expected residues are 
denoted. The N-terminal residue and the 13th residue 
(lysine) were attached to the glass beads. The 6th 
residue is cystine. The area of the spots approxi-
mately represent the intensity of the residue appeared . 
A blue marker, E (DABTC-diethylamine) was used on each 
t.l.c. sheet to help identification of unknown DABTH-
amino acids. R is the unextracted excess reagent 
(DABITC). The figures at the left bottom are the portions 
of ethanol extracts applied on tol.c. for identifications 
(starting with 10 nmole protein for sequencing). 
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should be pointed out that although the extraction 
loss e s are eliminated on solid phase seq uencing , the 
use of a magnetic stirring bar could generate fines and 
result in physical losses of the beads during extractions. 
This could also account for the drop in yields (Fig. 5-4). 
The sequence determination of lysozyme attached 
v ~a cysteine to the iodoacetamide derivatized glass 
beads gave very similar results as those shown in Fig. 
5-3 . 
The results of sequence determination of glucagon 
attached on the solid support (vi a lysine) (Table 5-2) 
shows the much heavier destruction of threonine and 
serine residues compared to those obtained from the 
liquid phase sequencing method (Chapter 4). However, 
the results indicate that the proposed solid phase 
sequencing method is also suitable for the sequence 
determination of short peptides. 
The N-terminal sequence of histidinol dehydrogenase 
has presented difficulty. The attachment of reduced 
carboxymethylated ·histidinol dehydrogenase via lysine 
to the DITC activated glass beads is unsatisfactory 
because of its extremely low solubility in aqueous 
pyridine buffer even in the presence of sodium dodec y l-
sulphate (120). Sequence determination of the reduc e d 
carboxymethylated histidinol dehydrogenase by the liquid 
phase sequencing method (Chapter 4) could only go through 
the first three residues with sharp drop of yield. 
However, I have been able to sequence the first e ight 
amino acid residues of the reduced histidino l dehydro-
genase attached v ia cysteine to the iodoacetamide 
(1J 
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activated glass beads (Table 5-2) 
The major advantages of the proposed manual 
solid phase sequencing method over the manual liquid 
phase method (Chapter 4) are: (a) ease of extracting 
the by-products and excess reagent; (b) considerable 
time saving at each drying step; and (c) elimination 
of extraction losses. The disadvantage is mainly the 
complete destruction of serine residues and much 
lower recovery of threonine residues, the reasons for 
which have not been determined. 
Using the described method, I have been able 
80. 
to achieve four degradations along one polypeptide a day. 
Although 2-10 nmole of protein is the practical amount 
to be sequenated, it could be reduced as less than 0.1 
nmole of the released DABTH-amino acids is needed for 
identification by t.l.c. 
The great potential of the solid phase sequencing 
method was realized when it was found that histidiniol 
dehydrogenase, a protein with an extremely low solubility 
in the liquid phase coupling buffer, was able to be 
sequenated normally when attached on the glass support. 
This implies that proteins which cannot be sequenated 
satisfactorily by the liquid phase sequencing method due 
to their poor solubility in the coupling buffer could be 
attached to the solid support in the selected aqueous 
buffer to overcome the solubility problem. 
TABLE 5-2 
T.L.C. results of sequence determination of 10 nmole each 
of glucagon (attach via lysine to the DITC activated 
glass beads) and reduced histidinol dehydrogenase (attach 
via cysteine to the iodoacetamide activated glass beads) 
by the sequencing method described in Chapter 5 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
* 
Glucagon Histidinol dehydrogenase 
* Attach on the glass beads 1. Ser 
None 2. Phea 
Gln a 3. Asn a Pheb 
Gly a Gln C 4. Thra Asn a Phec 
Thrc Gly C 5. Leu/Ile a C Thr Asn C 
Phea 6. Leu/Ile a 
Phec 7. Leu/Ile a Asp b 
None 8. Leu/Ile a Asp C Trp C 
Asp b 
Tyr b 
the N-terminal amino acid of histidinol dehydrogenase 
was determined as serine by the N-terminal determination 
method as described in section 2.1.9 
a residues appeared with strong intensity 
b residues appeared with medium intensity 
c residues appeared with weak intensity 
The N-terminal amino acid sequence of histidinol dehydro-
genase deduced from the t.l.c. result is Ser-Phe-Asn-Thr-
Leu/Ile-Leu/Ile-Asp-Trp-. 
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CHAPTER 6 
THE DESTRUCTION OF SERINE AND THREONINE 
THIOHYDANTOINS IN THE SEQUENCE DETERMINATION OF PEPTIDES 
USING DABITC DEGRADATION 
One of the maJor drawbacks of the DABITC degradation 
(Chapter 4) as well as the conventional PITC degradation is 
the low yields of serine and threonine thiohydantoins. 
Although this side reaction is understood to result from the 
dehydration of serine and threonine side chains, the 
identifications of the dehydrated serine and threonine thio-
hydantoins has been unsatisfactory. This implies that the 
dehydrated products are also unstable and will undergo further 
reactions to result in final products which are difficult to 
be identified on t.l.c. The detailed mechanism of those 
possible reactions has not yet been elucidated for the PITC 
degradation. It is my purpose in this chapter to study the 
possible pathways of these side reactions of DABITC degradation 
by taking advantage of its spectrophotometric changes. 
The mechanism was found to begin with the dehydration 
of DABTZ-Ser and DABTZ-Thr side chains which occurs mainly 
in anhydrous acid (TFA) solution. The dehydrated derivatives 
finally polymerize through the reactive methylene group to 
form polymers with varying molecular weights. These polymers 
appeared as a tailing strip on t.l.c. which is the main 
reason to account for the non-detection of the destroyed 
DABTH-Ser and DABTH-Thr. In aqueous solution, the dehydrated 
thiohydantoins undergo hydration (through the Markovnikov rule) 
82. 
and ring fission which leads to irreversible breakdown of the 
thiohydantoin ring. The serine derivative shows a much 
greater tendency to undergo these side reactions than the 
threonine derivative. 
6.1 EXPERIMENTAL 
6.1.1 Stabilities of DABTH-Ser and DABTH-Thr in 
Anhydrous TFA 
Two nmoles of each DABTH-Ser (81% pure) and 
DABTH-Thr (97% pure), which were obtained according to 
the method described in Sec. 2.1.2, was dissolved in 4 ml 
of anhydrous TFA and incubated at 55°C. Portions of 
equal volume (50 µ1) were removed at different time 
intervals and dried. The chemical compositions (examined 
on both silica gel and polyamide t.l.c.) and the 
spectrophotometric character in ethanol (on a Unicam 
SP 1800 Ultraviolet Spectrophotometer) of the aliquots 
were examined by comparing them with the standard 
DABTH-Ser and DABTH-Thr. 
6.1.2 Destruction of Serine and Threonine Residues 
During the Formation of their DABTH Derivatives 
DABTC-Ser, DABTC-Thr, DABTC-Ser-Ala and DABTC-
Ser-Ser-Ser (prepared accroding to Sec. 2.1.2) were 
first cyclized to the corresponding DABTZ derivatives in 
the anhydrous TFA for different time intervals. Samples 
were removed (equal amount s), dried, and isomerized to 
their respective DABTH derivatives in H+/H20 solution 
8 3. 
(55°C, 50 min). The acid was evaporated to dryness 
after the reaction period. The nature and purities of 
the DABTH products obtained (as a function of TFA 
treatment duration) were examined on t.l.c. or by 
spectrophotometric recordings (dissolved in ethanol). 
6.1.3 Quantitative Analysis of DABTH Derivatives 
and DABTC Derivatives Recovered from T.L.C. 
The identifications of DABTH and DABTC derivatives 
were carried out on both polyamide and silica gel t.l.c. 
For separations on polyamide sheets, solvent 1 was used 
for the first dimensional separation and solvent 2 was 
used for the second dimensional separation. For 
separations on silica gel plates, solvent 8 was used for 
the one dimensional separation. The quantitation of the 
derivatives recovered from the t.l.c. was essentially 
the same as described in Sec. 2.1.11. 
6.2 RESULTS 
-
There are two possible stages when serine and threonine 
can be destroyed during the formation of their thiohydantoins 
(see Fig. 4-1): (I) destruction of DABTC-Ser and DABTC-Thr 
in the alkaline solution during the coupling stage; (II) 
destruction of DABTH-Ser and DABTH-Thr (or DABTZ-Ser and 
DABTZ-Thr) in the acid solution during the cyclization stage. 
Since there was no detectable change of DABTC-Ser and DABTC-
Thr in the moderately strong alkaline solution (1 N NaOH, 
55°, 1 h, see Sec. 2.2.7), it is reasonable to rule out the 
possibility that DABTC-Ser and DABTC-Thr are destroyed in the 
84. 
mild coupling buffer. In fact, bases do not cause elimination 
of water from simple alcohols readily, unlike the elimination 
of hydrogen halide from alkyl halides. On the other hand, 
acids catalyze the dehydration of alcohols to olefins. The 
acidic medium is therefore the most likely cause for these 
destructions~ 
It is also interesting to point out that the direct 
formation of DABTH-Ser in aqueous acid solution (see discussion 
in Chapter 4) resulted in a much more satisfactory recovery 
than the indirect method (i.e. first treating with- TFA and 
+ then H /H20; DABTC to DABTZ to DABTH). Apparently, the 
destruction of serine and threonine were initiated after they 
were cyclized (or cleaved from N-terminals of peptides) to 
the thiazolinone derivatives in anhydrous TFA. 
I approached the possible routes of serine and threonine 
destruction during the formation of their thiohydantoins in 
two different ways: 
(I) The stability of the standard DABTH-Ser and DABTH-Thr 
in the anhydrous TFA wa? first examined. The direct con-
version of DABTC-amino acid to DABTH-amino acid in H+/H20 is 
the most satisfactory in terms of yields. Most DABTC-amino 
acids were converted into their corresponding DABTH-amino 
acids quantitatively in this manner. Even the labile DABTC-
Ser and DABTC-Thr gave 81% and 97% recoveries respectively 
(see Sec. 2.1.2). Treatment of DABTH-Ser and DABTH-Thr 
with TFA, on the other hand, converted DABTH-Ser into DABTH-
Ser6 and DABTH-Ser0 (a discontinuous tailing strip along the 
direction of solvent 2, see Fig. 6-1) and converted DABTH-Thr 
FIG, 6-1 
Thin layer chromatography of the DABTH derivatives 
on polyamide sheets resulting from the TFA treatment 
. 
of DABTH-Ser (A) and DABTH-Thr (B). The dehydrated 
products (6) and the presumed polymerized products (o) 
are denoted. Eis a synthetic marker, DABTC-diethyl-
amine. 
DABITC • DABITC 
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:u ' QThr t V) \ i der 1 . I 9 
I t,Q 2 0 
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-
. h 6 into DABTH-T r. These new products have a characteristic 
absorption at 320 nm in addition to 269 nm. The rates of 
conversion could be followed from the spectrophotometric 
changes (Fig. 6-2). The decrease of DABTH-Ser and DABTH-
85. 
Thr could also be precisely quantitated by t.l.c. DABTH-Ser 
shows a faster conversion rate than DABTH-Thr. Over 90% of 
DABTH-Ser was converted into DABTH-Ser 6 after exposure to TFA 
for 60 min. (55°C) while only 55% of DABTH-Thr was converted 
to DABTH-Thr 6 • 
These products possess a thiohydantoin structure since 
6 they all appear as red spots on t.l.c. DABTH-Ser and 
DABTH-Thr 6 are most probably the dehydrated products and 
DABTH-Ser 0 the polymerized products of DABTH-Ser 6 with varying 
molecular weights because of their behaviour on t.l.c. This 
will be discussed later in this chapter. 
(II) DABTH-Ser and DABTH-Thr were prepared by the indirect 
route with different time intervals of TFA incubation. The 
purities of DABTH-Ser and DABTH-Thr obtained were then 
examined as a function of time of TFA incubation. This is 
the normal process for the formation of DABTH-Ser and DABTH-
Thr during the protein sequence analysis when TFA is employed 
as the cleavage reagent. Since DABTZ derivatives are unstable, 
the TFA aliquots removed at different time intervals were 
dried and isomerized (in H+/H20) to the more stable DABTH 
derivatives for identification. 
For threonine, again, the decrease of DABTH-Thr and 
6 
subsequently the increase of DABTH-Thr is a function of the 
time of incubating DABTC-Thr in TFA (Fig. 6-3B). About 40 % 
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FIG. 6-2 
The change of u.v. absorption spectra of DABTH-Ser (A) and DABTH-Thr (B) after 
treatment with TFA for 30 min (--), 60 min ( .. ) and 120 min (-·-·) at ss 0 c. 
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of DABTH-Thr was dehydrated to DABTH-Thr 6 if exposure of 
DABTH-Thr in TFA is 60 min (55°C). This result shows a 
very close similarity to that obtained from the direct 
treatment of DABTH-Thr with TFA (Fig. 6-2B). 
8 6 . 
For serine, the mechanism is more complicated. Although 
the destruction of DABTH-Ser is also a function of time of 
incubating DABTC-Ser in TFA, the converted DABTH-Ser does not 
appear quantitatively as DABTH-Ser 6 and DABTH-Ser 0 because, 
in addition, there were slightly increased intensities of 
0 DABTC-NH 2 and DABTH-Ser (a new red coloured spot which 
partially overlaps with DABTH-Asp on polyamide t.l.c.) with 
prolonged TFA incubation (Fig. 6-4A). The nature of DABTC-
NH2 was confirmed by comparing its colour and chromatographic 
behaviour with an authentic sample. DABTH-Ser0 is probably 
a hydrated product of DABTH-Ser 6 with the OH group on the 
a-position of the amino acid moiety (see discussion in this 
chapter). 
Both DABTC-Ser and DABTC-Ser-Ala show a similar 
tendency for these side reactions, and the by-products can 
be separated on silica gel plates (Fig. 6-4B) and quantitated. 
The recoveries of DABTH-Ser and by-products of DABTC-Ser-Ala 
as a function of time of TFA incubation is presented in Fig. 
6-5. 
From the spectrophotometric changes, it was found that 
the destruction of DABTH-Ser was no longer accompanied 
by the profound increase of absorption at 320 nm (Fig. 6-3A). 
This spectrophotometric result is consistent with the fact 
. f 6 . h 1 that there is no increase o DABTH-Ser wit pro onged TFA 
incubation as shown in Fig. 6-5. 
FIG. 6-4 
Thin layer chromatography on polyamide (A) and silica 
gel (B) of the DABTH derivatives (DABTH-Ser, DABTH-
Ser6, DABTH-Ser0 and DABTH-Ser0 ) and DABTC-NH 2 derived 
from the destruction of DABTH-Ser during the DABITC 
degradation. For the structures of the individual 
product, please refer to Fig. 6-6 . 
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Table 6-1 gives the recoveries of DABTH-Ser from 
DABTC-Ser, DABTC-Ser-Ala and DABTC-Ser-Ser-Ser, and DABTH-
Ser (OBz) from DABTC-Ser (OBz) by both direct and indirect 
formations. The indirect method gave, in general, lower 
yields than the direct method. The much higher recovery of 
DABTH-Ser (OBz) suggests that blocking of the serine hydroxyl 
group is an efficient way of preventing dehydration and the 
subsequent reactions. 
6. 3 DISCUSS ION 
The direct and indirect method of formation of DABTH-
amino acids by reaction of DABITC with amino acids or N-
terminal amino acids of peptides is shown in Fig. 4-1 (see 
also Sec. 4.3). 
Some earlier observations on the PITC method (85, 
103, 1 04 ) have indicated that serine and threonine tend to 
undergo dehydration through a B-elimination of the side chains 
and the dehydration products have a distinct absorption at 
320 nm. The dehydrate~ serine thiohydantoin slowly undergoes 
a further reaction leading to a product with a low intensity 
absorption maximum at 272 nm. Ilse and Edman (104) believe, 
although without direct evidence , that this further reaction 
is the polymerization of the a-B unsaturated dehydration product. 
If those assumptions are correct, then in the DABITC method, 
one should be able to follow all those conversions by 
observing the positions of the coloured spots of those 
products. 
The results obtained in this study are in general con-
sistent with those prior observations. It is shown that 
TABLE 6-1 
Recoveries of DABTH-Ser and DABTH-Ser(OBz) from the 
cyclization of DABTC-Ser, DABTC-Ser-Ala, DABTC-Ser-
Ser-Ser and DABTC-Ser(OBz) by the direct cleavage method 
(DABTC derivative was treated with H+/H 20 at 55°C for 
50 min) and indirect cleavage method (DABTC derivative 
was treated with anhydrous TFA at 55°C for 10 min, 
evaporated to dryness, then was treated with H+/H29 at 
55°C for 50 min) 
DABTC derivatives 
DABTC-Ser 
DABTC-Ser-Ala 
DABTC-Ser-Ser-Ser 
DABTC-Ser(OBz) 
Direct Method 
81 % 
56% 
47 % 
99 % 
Indirect Method 
58 % 
44 % 
42 % 
76 % 
• 
dehydration occurred mainly at the TFA treatment stage in 
which DABTH-S e r reacted at a faster rate than DABTH-Thr. 
The positions of DABTH-Ser 6 and DABTH-Thr 6 (overlap with 
DABTH-Phe on polyamide t.l.c.) on t.l.c. should be used to 
help the confirmation of DABTH-Ser and DABTH-Thr. 
. 6 
The dehydrated DABTH-Ser (i.e. DABTH-Ser), however, 
8 8. 
exhibits a much higher tendency to undergo further reactions 
' 6 than DABTH-Thr. The destruction of DABTH-Ser in the acid 
solution is obviously not a straight dehydration-polymerization 
reaction. The dehydration must be followed by fur~her 
reactions which lead to the five major products as shown in 
6 0 Fig. 6-5 (namely, DABTH-Ser, DABTH-Ser , DABTH-Ser , 
0 DABTH-Ser and DABTC-NH 2 ; for their structures, see Fig. 6-6). 
The possible routes of these reactions is postulated in Fig. 
6-6, and it can be concluded that: (a) all the side reactions 
are initiated by the dehydration of the serine side chain; 
(b) the dehydration and polymerization reaction occurred 
mainly at the TFA stage; and (c) in the aqueous acid solution, 
the dehydrated DABTH-Ser (i.e. DABTH-Ser 6 ) tends to undergo 
-
hydration and deamination which leads to irreversible breakdown 
of the thiohydantoin ring. 
The evidence for the above conclusions is based mainly 
on the following conversion reactions: 
DABTH-Ser ( 10 % ) 
jDABTH-Ser ( 81 % ) 1 h DABTH-Ser ( 11 % ) 2 h DABTH-Ser 6 ( 2 3 % ) 
-< 6 
LoABTH-Ser (19%) TFA DABTH-Ser 6 (45%) H+H 20 DABTH-Ser 0 ( 3 0%) 
DABTH-Ser 0 ( 4 4 % ) DABTH-Ser 0 ( 3 2 % ) 
(A) ( B) DABTC-NH2 (trace) 
FrG. 6-6 
The proposed pathway of the destruction of DABTH-Ser 
during the protein sequence determination by the 
DABITC degradation. 
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Reaction (A), as demonstrated in Fig. 6-2A, resulted in 
a large increase of absorption at 320 nm which is a 
characteristic absorption peak of dehydrated serine thio-
hydantoin. The nature of DABTH-Ser 6 is therefore confirmed 
with little doubt. The nature of DABTH-Ser0 remains to be 
finally clarified although I believe they were polymerized 
DABTH-Ser 6 with varying molecular weights because of their 
behaviour on t.l.c. (see Fig. 6-1 and Fig. 6-4). The 
tendency of this polymerization reaction is, in fact, the 
major reason for the absence, or very low yields, of DABTH-
Ser during the sequence determination. Reaction (B) con-
verted approximately 50% of DABTH-Ser 6 and 30% of DABTH-Ser0 
to a major red coloured compound DABTH-Ser 0 and a minor 
blue product DABTC-NH 2 • This reaction which resulted in a 
decrease of absorption at 320 nm and an increase of absorption 
at 269 nm (Fig. 6-7) suggests that part of the dehydrated 
serine thiohydantoin is converted back to the non-conjugated 
(hydrated) thiohydantoin ring. Since the hydrated serine 
thiohydantoin (DABTH-Se.r 0 ) is different from the parent 
DABTH-Ser, the hydration of DABTH-Ser 6 through the Markovnikov 
rule to DABTH-Ser0 is the most likely explanation (Fig. 6-6). 
The formation of DABTC-NH 2 from DABTH-Ser 0 could also be 
explained in this way (Fig. 6-6). It should be noted that 
dehydrated threonine thiohydantoin exhibits a lesser tendency 
for further reactions, as would be expected from the presence 
of the sterically inhibiting methyl group. 
Although the final establishment of this postulation 
must await the isolation and characterization of the 
individual products, the foremost importance of the results 
Fr G, 6-7 
The change of u.v. absorption when a mixture of 
DABTH-Ser(l1%), DABTH-Ser6 (45 %) and DABTH-S e r 0 (44 %) 
(broken line) was treated with H+/H 2o at ss
0 c for 
2 hour (solid line). The reaction resulted in a 
partial convertion of DAB.TH-Ser6 and DABTH-Ser0 to 
DABTH-Ser0 . The decrease of absorption at 320 nm 
and the increase of absorption at 270 nm imply that 
part of the conjugated thiohydantoin ring (DABTH-Ser6 ) 
was converted back to the non-conjugated form. 
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obtained is to help in tracing of the destroyed DABTH-
Ser during the protein sequence analysis by the DABITC 
degradation . 
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CHAPTER 7 
CHROMOPHORIC LABELLING OF Af1INO ACIDS) PEPTIDES) 
AND PROTEINS BY DABS-CIJ DABMA AND DABIA 
91. 
Chemical modification of proteins has played an 
important role in the study of structure-function relation-
ships of proteins. The amino acid sequence of protein 
itself, although enabling the prediction of the secondary 
structure (157), usually does not give much clue on how the 
individual amino acid residues are involved in the catalytic 
reaction. This information mostly comes from the study on 
the selective incorporation of a specific reagent to the 
reactive side chains of amino acid residues which include 
the sulfur containing amino acids (cysteine and methionine), 
the basic amino acids (lysine, histidine and arginine), 
the acidic amino acids (aspartic acid and glutamic acid), 
aromatic amino acids (tyrosine and tryptophan) serine and 
threonine. The development of reagents and methods for 
this purpose has appeared in a series of reviews and 
abstracts (158-165). 
The successful application of the sensitive chromophore 
DAB in conjunction with the isothiocyanate degradation in 
the preceding chapters has stimulated me to explore other 
protein labelling reagents which also possess the DAB-chromo-
phore. In this chapter, I will describe the synthesis and 
some preliminary evaluations of two coloured sulfhydryl 
reagents DABMA and DABIA . My endeavour to find a better 
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t.l . c. separation of amino acid derivatives of DABS-Cl (DABS-
amino acids) will also be presented. 
7,1 EXPERIMENTAL 
7.1.1 Preparation of DABS-Cl (Fig. 7-1) 
DABS-ONa (methyl orange, 6 g) was ground in a 
mortar with 9 g of phosphorus pentachloride for 10 min. 
The reaction mixture was poured onto a mixture of 
cracked ice and water (500 ml); insoluble DABS-Cl was 
collected by suction filtration and washed three times 
with iced water (200 ml). The crude product was dried 
and extracted with acetone (200 ml) in a Soxhlet 
apparatus . After concentration, the acetone extract 
gave shiny, deep red crystals of DABS-Cl which could be 
recrystallized from boiling acetone. Elemental analysis: 
Cale. for 
Found 
C14H14N302ClS : C, 51.91; H, 4.32; N, 12.97 
C, 51.85; H, 4.42; N, 12.96 
7.1.2 Preparation of DABMA (Fig. 7-1) 
DAAB (0.565 g) was stirred with 0.25 g of maleic 
anhydride in 10 ml of anhydrous ether at room temperature 
overnight. The mixture was filtered and washed with 
ethanol water (1:1, v/v; 40 ml) twice, and then dried 
in a vacuum desiccator over P 2 0 5 overnight. The dried 
intermediate was stirred with 1.5 g of anhydrous 
CH3COONa and 7.5 ml of acetic anhydride in a boiling 
waterbath for 20 min (excluded from moisture). The 
mixture was left for 1 hat room temperature and filtered. 
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The crude product was washed twice with acetone/water 
(2:1, v/v), dried i n v acuo and then recrystallized from 
boiling acetone. Elemental analysis: 
Cale. for 
Found 
C1eH1GN4O2 : C, 67.5; H, 5.0; N, 17.5 
C, 67.58; H, 5.11; N, 17.50 
7.1.3 Preparation of DABIA (Fig. 7-1) 
DAAB (0.7 g) was stirred with iodoacetic acid 
(0.48 g) and dicyclohexylcarbodiimide (0.52 g) in 15 ml 
of ethyl acetate at 5°C. The reaction was left for one 
hour and then filtered. The crude product which was 
mainly in the precipitate was washed with water and then 
dried in v ac uo. The crude product was recrystallized 
twice from hot ethanol. The purity of the DABIA 
obtained could be assessed on polyamide t.l.c. (appeared 
as a blue band in contrast to DAAB which appeared as a 
red coloured band). Elemental analysis: 
Cale. for C1 6 H17N4l0: C, 47.06; H, 4.50; N, 13.50 
Found C, 47.47; H, 4.27; N, 13.63 
7.1.4 Preparation of DABS-Amino Acids 
Fifty nmoles of each amino acid dissolved in 
50 µl of 0.2 M NaHCO 3 was allowed to mix with 50 nmole 
of DABS-Cl in 50 µl of acetone and reacted at 70°C for 
5-10 min. For the preparation of bis-DABS-Lys, bis-
DABS-Tyr and bis-DABS-His, the molar ratio of DABS-Cl/ 
amino acid was raised to 4. The preparation of Mono-
DABS-Lys, O-DABS-Tyr and N-DABS-Tyr were carried out by 
d a bsylation and hydrolysis of N-( E-CBZ)-L-Lys, 
.,.-.,----
I. 
FIG, 7-1 
Synthesis of DABS-Cl, DABIA and DABMA 
CrbN~N=N~ SO Na 
CHJ \=.J \=._/ 3 PCls ~ 
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q, 
C-CH 
0/ II 
' C-CH I/ 
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CH F\.. _r-\ 
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~~;N ON=NONH-t-CH=CH-COOH 
0 
~ q, 
CH F\_ _F\._ }--CH 
CH;N ~N=N'LrNC:-~H DABMA 
l1 
0 
0-Benzyl-Tyr and N-acetyl-L-Tyr. The mixture could be 
used directly for t.l.c. identifications. 
7.1.5 Separation of DABS-Amino Acids on Polyamide 
Sheets 
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About 10-15 pmole of each DABS-amino acid was 
successively applied to the origin of a 5 x 5 cm poly-
amide sheet. In order to obtain a better separation, 
the diameter of the original spot should be confined to 
1.0 - 1.3 mm by using a hair dryer. Two-dimensional 
development in a covered jar was performed by ascending 
solvent flow; solvent 11 was used for the first 
dimensional separation and solvent 12 was used for the 
second dimensional separation. The developed sheet was 
dried and exposed to HCl vapour when all the yellow 
DABS-amino acids turned to red spots. 
7.1.6 Qualitative Amino Acid Composition Analysis 
by DABS-Cl 
The dried acid hydrolyzate of peptides (1-2 
nmole) was dissolved in 20 µl of 0.2 M NaHC0 3 and treated 
with excess of DABS-Cl (4-5 fold) dissolved in the same 
volume of acetone. The mixture was sealed with a rubber 
stopper and left at 70°C for 16 min; then it was ready 
for t.l.c. identification. The t.l.c. separation was 
carried out on a 2.5 x 2.5 cm polyamide sheet and developed 
by the solvents described in Sec. 7.1.5. 
7.1 . 1 Quantitative Reaction of DABMA and DABIA with 
Cysteine and Reduced Glutathione 
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(a) Cysteine or reduced glutathione dissolved 
in acetate buffer, pH 5.0 (with various concentrations) 
were treated with 1.5 - 2.0 fold of DABMA dissolved in 
equal volumes of acetone. The mixtures were shaken at 
room temperature for 1 h. The DABMA-cysteine and 
DABMA-glutathione formed were separated from the excess 
of DABMA on a silica gel plate by ethyl acetate and 
were extracted into 1 N HCl for measurement of absorbancies 
at 520 nm . 
(b) Cysteine or reduced glutathione dissolved in 
tris-buffer , pH 8.5 (with various concentrations) was 
treated with 1.5 - 2.0 fold of DABIA dissolved in equal 
volumes of ethanol. The mixtures were shaken at room 
temperature for 1 h. The DABIA-cysteine and DABIA-
glutathione formed were separated from the excess of 
DABIA on silica gel plates by ethyl acetate and were 
extracted into 1 N HCl for measurement of absorbancies 
at 535 nm . 
7,2 RESU LTS AN D DISCUS SION 
7 . 2.1 DABS-Cl 
DABS-Cl is a sensitive chromophoric labelling 
reagent for amino acids , peptides and proteins. The 
effectiveness of DABS-Cl in the qualitative and 
quantitative identification of amino acids and in the 
N-terminal determination of peptides and proteins have 
been reported (19) . The intense chromophoric DABS-amino 
acids permit the detection of amino acids as coloured 
spots in the range of 10- 10 - 10- 11 moles visible 
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directly on the thin layer plate. But due to the 
diffusion problem on silica gel plates which decreases 
the sensitivity and causes unsatisfactory separation of 
certain DABS-amino acids such as Leu, Ile and Val, Met 
and Phe, Ala and Pro, it is necessary to develop a better 
separation of DABS-amino acids. The separation of DABS-
amino acids on the Cheng-Chin polyamide sheet is a 
satisfactory one. Fig. 7-2A gives the schematic 
representatio~ of 30 different DABS-amino acids on a two-
dimensional plate. Only 23 individual spots appeared on 
the plate, the other seven DABS-amino acids were 
incompletely separated and gave four spots, i.e., Cys 
(03H) and DABS-OH; Hyp, MetS02 and Thr; Ala and 
DABS-NH2; a-mono-His, a-mono-Lys, s-mono-Lys and Arg. 
The solvent, water-pyridine-amonia (28%) - formic acid 
(100:20:10:2, by volume), was found to be extremely 
satisfactory for resolving these four overlaps (Fig. 
7-2B) and the solvent, water-ammonia (28%) - ethanol 
(9:1:10, v/v/v), for identification of arginine (Fig. 
7-2C). The identification of the mono-substituted bi-
functional amino acids of tyrosine and lysine was carried 
out by dabsylation and hydrolysis of carbobenzoxy, benzyl 
and acetyl protected amino acids. a-Monohistidine was 
confirmed by hydrolyzing bis-His in 6 N HCl for 2 h. 
The diffusion problem on polyamide has been proven to 
be much less than that on silica gel and hence increases 
the sensitivity of detection. Fig. 7-3 shows the amino 
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(A) A schematic representation of the two dirrensional chromatography 
of 30 DABS-amino acids. Details are given in the text. 
(B) One dirrensional separation of four overlaps of DABS-derivative s: 
DABS-a-I and CysO3H; DABS-NH2 and Ala; ~so2 , Hyp and Thr; a.-His, 
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FIG, 7-3 
Schematic representations 
of qualitative amino acid 
composition analysis by 
treating the acid hydro-
lyzates of hexapeptide(A), 
insulin A chain(B) and 
glucagon(C) with DABS-Cl. 
The hydrolysed product 
of DABS-Cl, DABS-OH is 
indicated by the hatched 
area. 
+J 
C 
Q) 
:> 
.---I 
0 
CJ) 
A 
I 
' .. 
+J 
C 
Q) 
> 
.---I 
0 
tJ) 
N 
.---I 
+J 
C 
Q) 
> 
.---I 
0 
CJ) 
CJLeu 
Q Met 
Phe Q a 
.Ala 
Trp 
0 
A 
Arg 
0--~----8-
-Solvent 11 
B 
I le 
a 
LeuOoVal 
8is -1yr 
0 QAla 
QGly 
G' Q? oO-Tyr 
N-Tvr o·U . 
Cys(CnS) o Os 0-C@J AsoO er 
I 
I 
Bi~ -His 
0 
Leu 
C\aval 
t3eO Met 
0Ala 
~olvent 11 
C 
(] Tr 0Gly 
(b-Lys -c:'.) G'1' Dmr 
I ,_:Tyr r; 
o
0
-Tyr 
alys 
ELys 
aHis 
0-- --:-~ u ",-0 Oser , /( / .· f- \ l.,-.__) , I.· ·' , v~ 
----~Solvent 11 
97. 
acid composition of Leu-Trp-Met-Arg-Phe-Ala (A), 
insulin A chain (B) and glucagon (C) by reaction of the 
peptide hydrolyzates with DABS-Cl. The existence of 
Arg in the hexapeptide was confirmed because there was 
no appearance of bis-histidine or bis-lysine hence there 
was no possibility of presence of cx.-mono-b.istidine or 
mono-lysine derivatives. For insulin A chain, there 
appeared an unexpected spot at the DABS-Thr position; 
the same results were obtained in repeated experiments 
for unknown reasons. However, the absence of- threonine 
residue in the insulin A chain could be confirmed by 
DABITC method (Fig. 3-lB). For glucagon, I deduced the 
presence of arginine, histidine and lysine as well as 
the presence of leucine, but no isoleucine. 
The use of DABS-Cl as a N-terminal determination 
reagent suffers from the breakdown of -N=N- bond by 
acid hydrolysis (19). Although this drawback is expected 
to be overcome by employing alkaline hydrolysis instead 
of acid hydrolysis, the DABS-Cl method gives no 
practical advantages over the DNS-Cl method except for 
the colour vision of the DABS derivatives. However, 
there is great potential in using DABS-Cl in the 
quantitative analysis of amino acids due to the high 
sensitivity and photostability of the DABS-amino acids 
( 19) . 
7.2.2 DABMA and DABIA 
The sulfhydryl group is one of the side chains 
which is actively involved in the biological function of 
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proteins (167, 168). The high reactivity of sulfhydryl 
groups enables them to be chemically modified under 
relatively mild conditions (167, 168). The development 
of new sulfhydryl reagents and the study of their 
effectiveness on the enzyme activity is therefore one of 
the most active fields in the chemical modification of 
proteins (167-176). 
The two coloured sulfhydryl reagents, DABMA and 
DABIA, were synthesized and their reactivities toward 
the sulfhydryl groups of cysteine and reduced_glutathione 
were examined. DABMA and DABIA were found to react with 
sulfhydryl groups of cysteine and glutathione quantitat-
ively (Fig. 7-4). The resulting DBMA-derivatives (s 
max 
4~0 x 10 4 at 520 nm in l N HCl) and DABIA-derivatives 
(s · 2.8 x 10 4 at 535 nm in 1 N HCl) could be readily max· 
separated from the excess of reagent and quantitated. 
. 
. 
The reaction was found to be specific for sulfhydryl 
groups as the same reaction conditions resulted in no 
detectable coupling products between DABMA (or DABIA) and 
Lys, His, Met or oxidized glutathione. 
The reaction of DABMA or DABIA with reduced 
lyophilised lysozyme or ribonuclease, according to the 
conditions described in Sec. 7.1.7, resulted in products 
with intense colour. These coloured proteins could be 
separated as red (DABMA derivatives) or blue-purple 
(DABIA derivatives) bands from the excess of reagent by 
eluting through a G-25 (superfine) column with 50 % 
acetic acid. However, these modified proteins (after 
lyophilisation) have extremely difficult problems of 
FIG. 7-4 
Recoveries of DABMA~cysteine (-6-), DABMA-glutathione 
(-D-), DABIA-cysteine (-•-) and DABIA-glutathione (-•-) 
as a function of concentrations of cysteine and reduced . 
glutathione solution~ The linear rel~tionship indicated 
the quatitative reactions of DABMA and DABIA with 
cysteine and reduced glutathione. 
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I 
solubility and therefore I abstained from carrying 
on further investigations. 
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CHAPTER 8 
CONCLUSIONS AND PROSPECTS 
The coloured reagent DABITC has been introduced as a 
N-terminal determination and stepwise degradation reagent for 
protein sequence analysis. The application of this reagent 
to both liquid and solid phase sequence determination requires 
only 2-10 nmole of peptides and proteins as the starting 
materials. The sensitive detection of DABTH-amino acids and 
their satisfactory separation on the t.l.c. has enabled the 
proposed sequencing method to be carried out in a simple and 
sensitive way. 
One of the most fascinating aspects of this new reagent 
is the spectrophotometric changes observed during the 
reaction wth amino acids or N-terminal amino acid of proteins. 
Since the isothiocyanate functional group as well as the 
dimethylamino group are both involved in the resonance 
structures of the azobenzene moiety under acidic condition, 
the chemical conversion of the isothiocyanate group shifts 
the absorption maximum of the azo compounds which then 
exhibit varied colours on t.l.c. after being exposed to HCl 
vapour. This property has enabled DABITC to be a very 
valuable diagnostic reagent: (i) DABITC could be used to 
discriminate amino acids from amines or amino alcohols, 
since only amino acids could form a thiohydantoin typ e 
derivative with DABITC: (ii) the colour change greatly 
I 
:, 
I 
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facilitates both qualitative and quantitative identification 
of the released N-terminal amino acids (as DABTH-amino acids) 
during the sequence determination; and (iii) the spectro-
photometric change provides a convenient tool for the study 
of reactions between DABITC and nucleophile. However, those 
advantages have not yet been fully realized. Many of the 
uses of DABITC could be exploited further: 
(1) A sensitive C-terminal determination method 
could be developed by combining the use of DABITC with 
either of the two conventional C-terminal degradation 
methods. 
(a) Reduction of C-terminal carboxyl group to 
alcohol, followed by the identification of the 
released amino alcohol after acid hydrolysis 
(130-134). To accomplish this, a total separation 
of DABTC-amino alcohols on t.l.c. should be 
established first. 
(b) Hydrazinolysis (52). The free C-terminal amino 
acids after being separated from the hydrazides 
could be identified qualitatively and quantitat-
ively by reaction with DABITC. 
(2) A quantitative N-terminal determination method 
could be developed. This is a very important technique 
in protein chemistry and yet there has been no practical 
method available to date. The use of DABITC in this 
respect (see Sec. 2.1.9) has proven its great potential. 
The future development of this method should include 
the preliminary work of quantitative N-terminal analysis 
.. 
( 3) 
on a set of standard peptides containing all the 
naturally occurring amino acids as the N-terminal. 
The most fruitful prospect of using DABITC 
102. 
would be to devise a degradation scheme which would 
allow the sequence determination by DABITC method to 
have the same efficiency as the conventional Edman 
sequenator. It is not difficult to achieve this 
theoretically. Both DABITC and PITC have the same type 
of chemical reaction. The fact that there is difficulty 
in raising the DABITC/protein molar ratio to be as 
high as the PITC/protein ratio (because of the limited 
solubility of DABITC) could be offset by employing 
high reaction temperatures (see Chapter 4). There are 
two possible approaches to this improvement: 
(a) For manual sequencing, a reaction system could 
be devised to exclude oxygen throughout the 
whole period of sequencing rather than just 
flushing with nitrogen (as described in this 
thesis). All the chemicals and solvents used 
should also be purified to exclude trace amounts 
of oxidant as well as other impurities (84). 
(b} For automatic sequencing, DABITC could be used 
to replace the conventional PITC as the stepwise 
degradation reagent in either liquid phase or 
solid phase sequenator. 
If these suggestions could be satisfactorily achieved, 
one can expect to establish the complete sequence of large 
I 
I 
11 
II 
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peptides (with residues ranging from 40-60) on only 2-10 
nmole of material in one single run. This should represent 
a significant advance in the protein sequencing methodology. 
It should be mentioned that development of improved 
stepwise degradation reagent by no means monopolizes the 
efforts of protein chemists. The development of other 
instrumentation, such as NMR methods (145), mass spectrometry 
(146, 147, 149) and combined gas chromatography-mass 
spectrometry-computer systems (148) for protein sequencing 
have also received equal attention. However, those methods 
have been either in the premature stage or have been used 
only to complement the conventional PITC method. Due to the 
high expense, those systems are unlikely to become generally 
acceptable methods until they can present distinct advantages 
over the Edman type degradations. 
"' 
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